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ABSTRACT
P la te le t accumulation on the a r te r ia l wall has been studied 
a fte r  in tim al trauma in  rabb its  and fo llow ing endarterectomy in  
pa tien ts . Physical and pharmacological facto rs a ffec ting  deposition 
a t the s ite  o f a r te r ia l damage were investigated and quan tified  as 
thrombogenicity. This has been re la ted to the degree o f luminal 
narrowing measured in  patients by non-invasive ultrasound, one year 
a fte r  surgery.
A model o f in tim a l trauma was developed in  the ca ro tid  a rte ry  o f 
rabb its  to simulate endarterectomy. Radiolabelled p la te le t 
accumulation was cons is ten tly  higher in  the damaged a rte ry  when 
compared to contro l vessels. P la te le t deposition a t the s ite  o f 
in ju ry  was s ig n if ic a n t ly  reduced by p la te le t in h ib ito ry  therapy.
Autologous ^ In d iu m  labe lled  p la te le t uptake was measured over 
3 days in  patients fo llow ing ca ro tid  endarterectomy and expressed as 
Thrombogenicity Index. Postoperative p la te le t accumulation was 
re lia b ly  demonstrated by gamma camera imaging but was not id e n t if ie d  
by probe counting. P la te le t uptake over the endarterectomy had 
resolved by 2 months a fte r  surgery which suggests endothelia l 
healing.
Factors in fluencing  p la te le t k in e tic s  were investigated 
fo llow ing endarterectomy. The rate o f ca ro tid  p la te le t accumulation 
was s ig n if ic a n t ly  reduced in  patients receiving p la te le t in h ib ito ry  
therapy, compared to untreated con tro ls . Patch repa ir o f the 
endarterectomy s ta t is t ic a l ly  increased postoperative thrombogenicity 
in  contrast to  d ire c t suture o f the arterio tom y.
In a re trospective  study the incidence o f restenosis fo llow ing  
ca ro tid  endarterectomy was assessed using non-invasive Doppler 
ultrasound. S ig n ific a n t restenosis, o f greater than 50% diameter 
reduction, was id e n tif ie d  in  13% o f pa tien ts , however, only one s ix th  
o f these developed recurrent symptoms o f cerebrovascular 
in s u ffic ie n c y . Predisposing factors to restenosis were not 
id e n t if ie d .
Early postoperative ca ro tid  p la te le t accumulation was corre la ted 
to the subsequent development o f luminal narrowing and restenosis in  
a prospective study. The re la tionsh ip  between p la te le t deposition 
and subsequent restenosis was established. Luminal narrowing was 
s ig n if ic a n t ly  greater in  patients w ith high postoperative ca ro tid  
thrombogenicity.
2
STATEMENT OF ORIGINALITY
This work was completed between May 1985 and January 1988 while 
I was a Research Fellow and subsequently Lecturer in  the Department 
o f Surgery a t Charing Cross H ospita l, London.
Although I i n i t i a l l y  required considerable help, I performed a ll 
the experimental techniques involved in  th is  thes is , w ith th e ' 
exception o f e lectron microscopy. I examined a ll the pa tien ts , 
labe lled  p la te le ts  from both rabb its  and humans and ca rried  out the 
animal experiments. I measured ra d io a c tiv ity  by probe counting and 
gamma camera and calcu lated the resu lts  o f Thrombogenicity.
A fte r in s tru c tio n , I carried  out Duplex evaluation o f the 
ca ro tid  a rte ry  and measured the degree of luminal narrowing.
I recorded a ll the data, calculated the resu lts  and performed 
the s ta t is t ic a l ana lysis.
3
ACKNOWLEDGMENTS
I am indebted to Mr. Charles McCollum, Reader in Surgery and my
adviser, fo r  his help w ith  th is  thes is , not le a s t fo r  his
suggestions, d ire c tio n  and enthusiasm. I am p a r t ic u la r ly  g ra te fu l to  
Professor Roger Greenhalgh, in  whose department th is  work was 
performed, fo r  h is judgement and c r it ic is m . Most of the pa tien ts 
studied were under h is care.
My thanks go to Ruth Harper fo r  teaching me the techniques o f 
p la te le t la b e llin g , to  Mary E l l is  and Rachel Dain fo r  th e ir
in s tru c tio n  in Duplex scanning and Angela Chidlow fo r  her help w ith
gamma imaging.
I also appreciate the assistance o f Mr. Ian Lane, Consultant 
Surgeon, fo r  his advice in  preparing th is  thesis and to  Dr. Ken 
MacRae, Senior Lecturer in  Medical S ta t is t ic s ,  fo r  his guidance.
I am gra te fu l fo r  the support o f Miss Pam Pate in  her work w ith  
animals and the help o f Mr. Terry Bull w ith  e lectron microscopy.
F in a lly  my thanks go to Bernadette McGowan fo r  typing th is  
manuscript.
This work was supported by Farm ita lia  Carlo Erba Ltd.
4
CONTENTS PAGES
Page Number
T it le  1
Abstract 2
Statement of O r ig in a lity  3
Acknowledgements 4
Contents Pages 5
L is t  o f Figure Legends 11
L is t o f Tables 14
L is t  o f Plates 15
SECTION I INTRODUCTION 18
Chapter 1
Carotid Endarterectomy in  the Treatment o f E xtra -cran ia l 18
A rte r ia l Disease
1.1 Atheroma in the Carotid A rtery 19
1.2 Endarterectomy 22
1.3 Carotid Endarterectomy 22
i The development o f ca ro tid  endarterectomy 23
i i  Carotid endarterectomy: current techniques 24
i i i  Carotid endarterectomy: curren t app lica tions 27
1.4 Complications S pecific  to Carotid Endarterectomy 32
i Neurological 32
i i  Thrombosis 36
i i i  Cardiovascular 37
iv Wound and crania l nerve 38
v Restenosi s 40
1.5 Measurement o f Restenosis - 44
i Arteriography 44
i i  Noninvasive assessment o f restenosis 47
1.6 Summary 48
Chapter 2
Plate lets, Thrombosis and Intimal Hyperplasia 49
2.1 P la te le ts  and the A rte r ia l Wall 50
i The p la te le t 50
i i  A rte r ia l wall 51
i i i  Arachidonic acid metabolism 52
2.2 P la te le t Involvement in  Thrombosis and Coagulation 54
i Hormonal regula tion o f p la te le t a c t iv ity  56
i i  Physical factors in fluencing thrombosis 57
2.3 P la te le t In h ib ito ry  Compounds 58
i Agents acting on arachidonic acid metabolism 58
i i  Compounds tha t increase c y c lic  AMP 60
i i i  Compounds tha t in h ib it  membrane phopholipase 60
a c t iv ity
iv Side e ffe c ts  o f p la te le t in h ib ito ry  therapy 61
2.4 P la te le ts  and Vessel-wall In te ra c tion  in  61
Atherogenesis
2.5 P la te le t In h ib it io n  in  Vascular Surgery 62
i Cerebrovascular and cardiovascular disease 62
i i  A rte r ia l Bypass 63
i i i  Endarterectomy 65
2.6 Pathogenesis o f Intim al Hyperplasia 66
i P la te le t derived growth fa c to r 68
2.7 The Measurement o f Local P la te le t Accumulation 71
2.8 Summary 73
Chapter 3
Hypothesis and Aims 75
3.1 Hypothesis 76
3.2 Aims 76
3.3 Summary o f Experiments 77
6
SECTION I I  RADIOLABELLED PLATELET UPTAKE IN THE 79
”  CAROTID ARTERY AND FACTORS INFLUENCING
THROMBOGENICITY ' "
Chapter 4
I 11In -p la te le t Methods for Measuring P la te le t Uptake 79
following Carotid Endarterectomy
4.1 In troduction  80
4.2 Development o f Radiolabelled P la te le t Methods 80
4.3 Labelling P la te le ts  w ith lH.Indium Oxine 82
i Chemical reagents 82
i i  Method 83
i i i  E th ica l consideration 85
4.4 . ^ I n - p la t e le t  Function in  V itro  86
4.5 P la te le t Survival 87
4.6 Measurement o f R ad ioactiv ity  in  Carotid A rte ries  87
i S c in t i l la t io n  probe counting 87
i i  Gamma camera imaging 89
4.7 ^ I n - p la t e le t  Accumulation in  Carotid A rte ries  89
i Carotid Uptake Ratio 91
i i  Thrombogenicity Index 91
Chapter 5
Intimal P late le t Deposition on the Traumatised Rabbit 93
Carotid Artery
5.1 In troduction  94
5.2 M ateria ls and Methods 96
i Operative technique 96
i i  ^ - In - p la te le t  la b e llin g  97
i i i  Measurement o f rad io labe lled  p la te le t uptake 98
5.3 Results 100
i Specimen ra d io a c tiv ity  100
i i  Carotid p la te le t uptake 101
i i i  Carotid Uptake Ratio 101
7
5.4 Discussion
5.5 Conclusions
101
104
Chapter 6
Carotid P la te le t Uptake Following Endarterectomy 105
6.1 In troduction  106
6.2 Patients and Methods 107
6.3 Results 108
i Gamma camera imaging 109
i i  Probe counting 111
i i i  Comparison of methods 112
6.4 Discussion 112
6.5 Conclusion 114
Chapter 7
The Effect of P late let Inhibitory Therapy on Carotid 115
Thrombogenicity Following Endarterectomy
7.1 In troduction  116
7.2 Patients and Methods 118
i Assessment of p la te le t uptake 119
7.3 Results 119
i Carotid p la te le t uptake 120
i i  Carotid Uptake Ratio 120
i i i  Thrombogenicity Index 120
7.4 Discussion 121
7.5 Conclusions 122
Chapter 8
The Effect of Patch Angioplasty on Postoperative P la te le t 124
Uptake in the Carotid Artery
8.1 In troduction 125
8
8.2 Patients and Methods 128
8.3 Results 129
i Gamma camera imaging
i i  Carotid Uptake Ratio
i i i  Thrombogenicity Index
129
130 
130
8.4 Discussion 130
8.5 Conclusions 133
SECTION I I I  RESTENOSIS FOLLOWING CAROTID
ENDARTERECTOMY AND THE RELATIONSHIP TO 
POSTOPERATIVE PLATELET DEPOSITION
134
Chapter 9
The Incidence o f Restenosis Following Carotid 
Endarterectomy
134
9.1 In troduction 135
9.2 Non Invasive Assessment o f Carotid Stenosis 136
i Doppler spectrum frequency analysis
i i  Duplex Scanning
137
139
9.3 Patients and Methods 140
i Method o f non-invasive ca ro tid  assessment 143
9.4 Results 144
i Incidence o f restenosis
i i  Restenosis re la ted to neurological symptoms
145
147
9.5 Discussion 148
9.6 Conclusions 150
Chapter 10
The Relationship between P la te le t Deposition and 151
Restenosis Following Carotid Endarterectomy
10.1 In troduction  152
9
10.2 Patients and Methods 153
i P la te le t uptake 153
i i  Luminal narrowing 153
i i i  S ta t is t ic a l analysis 154 .
10.3 Results 156
i Carotid p la te le t accumulation 156
i i  Luminal narrowing 156
i i i  P la te le t accumulation re la ted to subsequent 157
luminal narrowing
10.4 Discussion 158
10.5 Conclusions 160
SECTION IV DISCUSSION 161
Chapter 11
Discussion and Conclusions 161
11.1 Measurement o f P latelet-Vessel Wall In te ra c tion  162
11.2 Factors A ffec ting  Carotid P la te le t Uptake 165
11.3 Relationship between Thrombogenicity and Restenosis 167
11.4 Im plications fo r  P la te le t In h ib it io n  and Surgical 170
Technique
11.5 Conclusions 171
REFERENCES 173
10
6.5 Early post-operative probe counting showed s im ila r 
a c t iv ity  over the operated and reference ca ro tids .
6.6 Iden tica l resu lts  were obtained fo r ra d io a c tiv ity  
measured by probe counting, 2 months a fte r  surgery.
6.7 Early Carotid Uptake Ratio was ind is tingu isab le  
from la te  CUR on probe counting.
6.8 Probe counting fa ile d  to show any d iffe rence 
between early  and la te r  Thrombogenicity Index.
6.9 Values o f early CUR, calcu lated by probe counting 
(x -ax is ) and gamma imaging (y -a x is ), fa ile d  to 
show any s im ila r ity .
6.10 Early postoperative TI did not co rre la te  between 
the 2 methods o f ra d io a c tiv ity  assessment.
7.1 Counts per gamma camera c e ll in  areas o f in te re s t 
over the operated and con tra la te ra l a rte ry  in  18 
patients fo llow ing ca ro tid  endarterectomy.
7.2 Carotid Uptake Ratio in  12 patients receiving 
p la te le t in h ib ito ry  therapy compared to  6 
untreated con tro ls .
7.3 Thrombogenicity Index o f the endarterectomised 
ca ro tid  in  patients receiving p la te le t in h ib ito ry  
therapy.
8.1 Counts per gamma camera c e ll measured over the 
ca ro tid  a rte rie s  repaired by patch angioplasty and 
the con tra la te ra l reference a r te r ie s .
8.2 Counts per gamma camera ce ll over the 
endarterectomy, w ith standard suture and the 
con tra la te ra l reference.
8.3 Comparison o f Carotid Uptake Ratio fo llow ing 
d ire c t suture and patch angioplasty.
8.4 Postoperative Thrombogenicity Index is  
s ig n if ic a n t ly  increased fo llow ing patch repa ir o f 
the ca ro tid  a rte ry .
10.1 There was no s ta t is t ic a l  d iffe rence in  luminal
narrowing between those patients w ith CUR resu lts  
above and below the median o f 1.25.
111 
111 
111 
111
112
11.2
120
120
120
129
129
130 
130
157
12
10.2 Patients w ith  Thrombogenicity Index above the 157
median o f 0.18 were found to  have a greater degree
o f luminal narrowing compared to those in  the lower 
h a lf o f the range.
10.3 Postoperative CUR was s ta t is t ic a l ly  higher in  157
those patients found to  have developed restenosis
of greater than 50 percent.
10.4 Retrospective analysis o f pa tients w ith  157
s ig n if ic a n t restenosis showed these to have had 
increased postoperative p la te le t uptake measured
by Thrombogenicity Index.
10.5 There was a d ire c t co rre la tio n  between CUR 157
measured 72 hours a fte r  surgery and the
development o f luminal narrowing in  a ll 40 
pa tien ts .
10.6 Thrombogenicity Index was re la ted  to  the 157
development o f subsequent luminal narrowing in  a ll
40 patients studied.
10.7 The ten patients who required patch angioplasty 157
may represent a subgroup w ith high thrombogenicity
and low rates o f restenosis. In 30 patients 
postoperative TI a fte r  standard endarterectomy 
showed an improved co rre la tio n  to subsequent luminal 
narrowi ng.
13
TABLES Page Number
1.1 Reported incidence o f restenosis a fte r  ca ro tid  42 
endarterectomy. P rio r to the use of non-invasive 
assessment, cases of restenosis were only
id e n tif ie d  in  patients w ith recurrent symptoms 
o f cerebrovascular in su ffic ie n cy  or cerv ica l 
b ru it .
6.1 . Tabulated values o f Carotid Uptake Ratio and 110
Thrombogenicity Index measured in  the early 
and la te r  postoperative periods using gamma 
camera assessment o f ra d io a c tiv ity .
6.2 Values o f early  and la te  CUR and TI calcu lated 110
from data obtained from probe counting.
9.1 Symptoms p re c ip ita tin g  ca ro tid  surgery in  197 142
pa tien ts . Eleven patients required b ila te ra l 
procedures.
9.2 Cause o f death fo llow ing ca ro tid  surgery. More 142
than 60% o f deaths a fte r  ca ro tid  surgery were due
to myocardial in fa rc t io n .
9.3 C lin ica l outcome and occurrence o f restenosis in  146
133 patients fo llow ing endarterectomy.
14
LIST OF PLATES Page Number
1.1 Endarterectomy in  progress. With the in tra lum ina l 46
shunt in  place, the atheromatous tissue is  removed
w ith the plane o f d issection through the media.
1.2 A fte r endarterectomy the vessel wall appears 46
smooth, but in  the absence o f vascular endothelium
th is  surface w i l l  cause an intense thrombotic 
reaction . Once the endarterectomy is  closed a 
layer o f thrombus forms which pers is ts  u n til 
healing occurs w ith the in  growth o f in tim a.
1.3 Selective ca ro tid  arteriography: a catheter 46
is  introduced in to  the o r ig in  o f the common ca ro tid  
a rte ry  and con trast in jected  demonstrating the 
b ifu rca tio n  and i t s  branches. This pa tien t has
a t ig h t  in te rna l ca ro tid  a rte ry  stenosis which 
was causing tra ns ien t ischaemic a ttacks.
1.4 D ig ita l subtraction angiography obtains comparable 46
images w ithout the m orbid ity o f standard 
arteriography. This patients has severe b ila te ra l 
in te rna l ca ro tid  a rte ry  stenosis.
1.5 In tra -a r te r ia l DSA shows d if fe re n t patterns o f 46
disease w ith a deep atheromatous u lce r a t the
o rig in  o f the r ig h t in te rna l ca ro tid  a rte ry  and 
2 eccentric stenoses o f the proximal l e f t  ICA.
This pa tien t had r ig h t ca ro tid  te r r i to r y  symptoms.
1.6 A composite image o f Duplex scanning. B-mode imaging 46
shows the common and in te rna l ca ro tid  a rte rie s  w ith
the cursor positioned ju s t  d is ta l to  the t ig h t  
stenosis a t the o r ig in  o f the ICA. Doppler 
frequency analysis is  displayed in  the lower pa rt 
o f the screen confirming a haemodynamically 
s ig n if ic a n t les ion .
2.1 Probe counting using a sodium iodide crys ta l and 90
rate meter. Each ca ro tid  and reference area is  
counted over 30 seconds to measure ra d io a c tiv ity .
Surface markings o f the ca ro tid  b ifu rca tio n  are
mapped out and used at each d a ily  measurement to  
ensure ide n tica l probe geometry.
2.2 Gamma images were obtained on three consecutive 90
days. Each scan takes 10 minutes to accrue and 
therefore the p a tie n t's  head is  supported by a 
headrest and strap.
15
2.3 Gamma scan fo llow ing the in je c tio n  o f ' ^ I n  90
labe lled  p la te le ts . This demonstrates the head and 
neck with ra d io a c tiv ity  seen in the regions o f the 
a o rtic  arch and cavernous sinus. Increased uptake
is  noted on the l e f t  side o f the neck which 
corresponds to the ca ro tid  endarterectomy performed 
72 hours p reviously.
2.4 Areas o f in te re s t are ou tlined over the s ite  o f 90
endarterectomy and over the con tra la te ra l ca ro tid  
a rte ry . The ra d io a c tiv ity  measured in  th is  area, 
expressed as counts per gamma camera c e l l , is  used
to ca lcu la te  Carotid Uptake Ratio and 
Thrombogenicity Index.
2.5 Gamma image o f a pa tien t taken 2 months a fte r  90
surgery. Increased ra d io a c tiv ity  is  seen over the 
r ig h t ca ro tid  a rte ry  which corresponds to a 50% 
stenosis o f the ICA. This pa tien t had undergone a
le f t  ca ro tid  endarterectomy.
2.6 B-mode ultrasound image o f the common ca ro tid  90
a rte ry  a fte r  endarterectomy. This vessel is  w idely 
patent w ithout evidence o f in tim a l hyperplasia.
2.7 Considerable thickening o f the intim a is  seen in  90
th is  common ca ro tid  a rte ry  fo llow ing surgery. This 
represents mixed echoes but there is  no acoustic 
shadowing which would suggest c a lc if ic a t io n .
3.1 The l e f t  ca ro tid  b ifu rca tio n  in  the ra b b it. The 99
common ca ro tid  a rte ry  is  seen on the r ig h t o f the 
exposure w ith the b ifu rca tio n  to  the le f t  at the
leve l o f the thyro id  c a rtila g e .
3.2 A fte r m ob ilisa tion  the common ca ro tid  a rte ry  is  99
crushed using the jaws o f a series o f non toothed 
dissecting forceps, mounted on a G clamp.
The compression in ju ry  is  sustained fo r 3 minutes 
and then released.
3.3 Traumatised and control ra b b it ca ro tid  a r te r ie s . 99
The endothelia l damage caused by external 
compression can be seen w ith the naked eye. Before 
measuring ra d io a c tiv ity  in  th is  specimen a l l  post 
mortem thrombus and a r te r ia l adven titia  is  removed.
3.4 Low power scanning electron micrograph (x306) o f 99
the vascular endothelium fo llow ing ca ro tid  trauma
in  ra bb its . Thrombotic material is  seen obscuring 
the normal fo lds o f the a r te r ia l in tim a.
16
3.5 High power scanning electron micrograph (x2420). 99
A network o f p la te le ts  and f ib r in  make up luminal 
thrombus which is  adherent to the damaged 
endothelia l c e lls .
4.1 Composite Duplex image of the common ca ro tid  a rte ry  155
follow ing patch angioplasty using autogenous ve in .
The proximal common ca ro tid  a rte ry  (CCA) is  o f 
normal ca lib re  however d is ta l ly ,  a t the level o f 
endarterectomy and vein patch re pa ir (PA), the 
a rte ry  has become d ila te d .
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1.1 Atheroma in the Carotid Artery
The c lin ic a l and pathological features of caro tid  a rte ry  
atherosclerosis have been recognised fo r  more than one hundred years. 
In 1856, W illiam  Savory described the case o f a 22 year old woman who 
suffered monocular visual disturbances w ith episodic con tra la te ra l 
tra n s ie n t hemiparesis. She was found a t post mortem to  have both 
upper limb and cerebral a r te r ia l in su ffic ie n cy  (Savory 1856). 
Following th is  discovery, Penzoldt reported a case of sudden r ig h t 
sided blindness followed by dense le f t  hemiplegia. Autopsy revealed 
complete thrombotic occlusion of the r ig h t in te rna l ca ro tid  a rte ry  
w ith r ig h t sided cerebral softening (Penzoldt 1881).
Further understanding o f the pathophysiology o f cerebro-vascular 
disease came from C h ia ri, who demonstrated non-occlusive thrombus on 
a therosc le ro tic  plaques in the ca ro tid  a rte ry , in  seven cases out o f 
a series o f 400 consecutive postmortem examinations (Chiari 1905).
He id e n tif ie d  emboli in  the cerebral vasculature causing 
encephalomalacia and noted tha t in  the absence o f s ig n if ic a n t 
atheromatous changes in the aorta and arch vessels, the ca ro tid  
b ifu rca tio n  was a l ik e ly  source o f these thrombi (Gunning e t al 
1964).
In 1914, Ramsay Hunt described 2 cases o f traumatic ca ro tid  
thrombosis w ith hemiparesis and re la ted the reduction in  the 
pu lsation of the ca ro tid  a rte ry  in the neck to the ip s ila te ra l 
"softening o f the b ra in ". In fu rth e r observations on cerebrovascular
19
disease he described areas o f cerebral in fa rc tio n  corresponding to 
the d is ta l portion of the a r te r ia l tre e , "where the c irc u la tio n  is  
weakest", but also id e n tif ie d  iso la ted lesions in  the region o f the 
centra l ganglia which he a ttr ib u te d  to embolisation (Hunt 1914).
Reports o f post mortem find ings o f in te rna l ca ro tid  a rte ry  
occlusion continued u n t il 1937, when Moniz described th is  phenomenon 
in  4 pa tien ts using the new technique o f cerebral arteriography.
This brought the condition to the a tten tion  o f the c lin ic ia n s  (Moniz, 
Lima & de Lacerda 1937). By 1943, Andrell had co llec ted  reports o f 
23 cases o f ca ro tid  thrombosis, diagnosed by angiography, and added 9 
cases o f his own (Andrell 1943). A year e a r lie r  H u ltqu is t had 
published a d e f in it iv e  monograph on the pathological find ings  in  the 
ca ro tid  system in  1400 post mortem examinations. He found evidence 
o f thrombo-embolic disease in  3% and described in  de ta il the loca tion  
o f the ca ro tid  a r te r ia l lesions showing the resu ltan t changes in  the 
b ra in . He concluded tha t embolisation was more common than ind ica ted 
by the sporadic reports o f the time (H u ltq u is t 1942).
I t  was F isher's  review o f 1951 which stimulated most in te re s t in  
the subject o f thromboembolism. Disregarding the theory th a t 
thrombosis o f the middle cerebral a rte ry  accounted fo r the m a jo rity  
o f cases of stroke, he examined more proximal s truc tu res. A fte r 
excluding emboli from the pulmonary veins, l e f t  heart, and ascending 
aorta , he concentrated on the caro tid  a rte rie s  (Fisher 1951). He 
suggested tha t in te rna l ca ro tid  a rte ry  occlusion was fa r  more common
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than was previously thought and tha t the underlying process was 
a therosclerosis. He described hemiplegia, preceded by tra n s ie n t 
pa ra lys is , aphasia and blindness, and f in a l ly  forged the l in k  between 
cerebral embolism and the "thrombotic material ly in g  in  the ca ro tid  
s inus". He not only described the pathological process on which the 
subsequent surgical treatment o f extra cran ia l ca ro tid  a r te r ia l 
disease would be based but suggested; " I t  is  even conceivable tha t 
some day vascular surgery w i l l  f in d  a way to bypass the occluded 
portion of the a rte ry  during the period o f ominous f le e tin g  symptoms. 
Anastamosis o f the external ca ro tid  a rte ry  or one of i t s  branches 
w ith the in te rna l ca ro tid  a rte ry  above the area o f narrowing should 
be fe a s ib le " .
Subsequently Fisher stressed the importance of ca ro tid  atheroma 
in the aetio logy o f tra ns ien t cerebral ischaemia and made the 
d is t in c tio n  between ca ro tid  te r r i to r y  and ve rteb ro -bas ila r attacks 
(F isher & Cameron 1953). In 1951, Denny-Brown had suggested tha t 
trans ien t ischaemic attacks were callsed by episodic hypotension 
associated w ith ca ro tid  disease, however M illik a n , and eventually 
Fisher, supported the theory o f embolisation from mural thrombus on 
atheromatous plaque in  the ca ro tid  a rte rie s  (Denny-Brown 1951; 
M illik a n , S iekert & Shick 1955; Fisher 1959). P la te le t thrombi and 
fragments o f atheromatous plaque were v isua lised  in the re tin a l 
a rte rie s  (Russell 1961; Russell 1963) and i t  was confirmed in  a 
pathological study tha t these emboli were made up o f p la te le ts  
(McBrien e t al 1963).
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1.2 Endarterectomy
The technique of thromboendarterectomy was f i r s t  reported by Cid 
dos Santos in  1947 although a r te r ia l thrombectomy had previously been 
described by Del bet (dos Santos 1947; Del bet 1906). I t  was dos 
Santos who rea lised tha t the success o f th is  procedure required th a t 
the plane of d issection be in the media o f the a r te r ia l w a ll, 
removing both the overly ing thrombus and the atheromatous tissue in  
the in tim a l la ye r. I t  was f i r s t  applied to the abdominal aorta and 
involved extensive exposure o f the a o r to - il ia c  and femoral a rte rie s  
w ith excision o f the occlusive lesion (Leriche & Kunlin 1947). Five 
years la te r  Wylie reported a series of 25 patients in  whom successful 
a o r to - il ia c  or aorto-femoral endarterectomy had been performed so 
proving th a t d is o b lite ra tio n  o f the major a rte rie s  was possible 
(Wylie 1952).
1.3 Caroti d Endarterectomy
The f i r s t  recorded operations on the ca ro tid  a rte ry  are those of 
l ig a t io n  and John Abernathy is  thought to  have performed one o f the 
e a r lie s t o f these procedures fo r  haemorrhage in  1798 (Hamby 1952).
S ir  Astley Cooper lig a te d  the common ca ro tid  a rte ry  fo r  aneurysm in  
1805 (Cooper 1836), Travers tie d  the ca ro tid  a rte ry  fo r  c a ro tid - 
cavernous f is tu la  in  1809 and Horsley performed lig a t io n  fo r  
in tra c ra n ia l aneurysm in  1855 (Thompson 1983).
By 1951 when Fisher published his report on in te rna l ca ro tid  
a rte ry  atheroma, no e ffe c tiv e  procedure had been accepted in  the
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treatment o f pa tients w ith thromboembolic disease. Sporadic reports 
o f excision of the ca ro tid  a rte ry  w ith l ig a t io n  had not been 
successful (Krayenbuhl & Weber 1944). . Although i t  had been suggested 
th a t p e r ia r te r ia l or cerv ica l sympathectomy had improved cases o f 
cerebral e n d a rte r it is  ob lite ra ns , surgery had ju s t i f ia b ly  not been 
accepted (Foerster & Guttman 1933). Fisher had im plied th a t 
prolonged anticoagulation might allow  the diseased a rte ry  to  undergo 
re -e n d o th e lia lisa tio n , however he also suggested tha t surgery might 
be the treatment o f choice (F isher 1951).
1 .3 .i The Development o f Carotid Endarterectomy
A fte r successful thromboendarterectomy in  the a o r to - i lia c  
segment and fo llow ing  F ishe r's  suggestions, there followed a series 
o f reports on ca ro tid  a rte ry  surgery. In 1951, Carrea performed the 
operation f i r s t  suggested by F isher, anastomosing the external 
ca ro tid  to d is ta l in te rna l ca ro tid , so bypassing the s ite  o f 
thrombosis (Carrea, Molins & Murphy 1955). In 1953, S tru lly  reported 
an unsuccessful endarterectomy in  a p a tie n t w ith  ca ro tid  occlusion 
(S tru lly ,  H erw itt & Blackenburg 1953) however the f i r s t  successful 
ca ro tid  thromboendarterectomy was performed by DeBakey on 7th August 
1953, but was not reported u n t il 20 years la te r  (DeBakey 1975). This 
was carried  out on a 53 year old man who presented w ith recurren t 
weakness o f the arm and leg and was found to  have complete occlusion 
o f the in te rna l ca ro tid  a rte ry . The fo llow ing  year, E astco tt, 
P ickering and Robb gave greatest impetus to the development o f 
ca ro tid  surgery when they described the successful treatment o f a 66
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year old woman, w ith in te rm itte n t attacks o f hemiplegia. By excising 
a p a r t ia l ly  thrombosed segment o f common and in te rna l ca ro tid  a rte ry , 
they effected repa ir by end to end anastomosis (Eastcott, P ickering & 
Rob 1954).
Although thromboendarterectomy o f the o r ig in  o f the in te rn a l 
ca ro tid  a rte ry  is  no longer performed in  patients w ith  complete 
ca ro tid  thrombosis, i t  has come to be regarded as the operation o f 
choice in  the surgical treatment o f non-occlusive ca ro tid  
a therosclerosis.
1 .3 .i i  Carotid Endarterectomy: Current Techniques
In the 30 years th a t have elapsed since these e a rly  procedures, 
there have been considerable advances in  operative techniques, 
instrum entation and suture m ateria ls . However the p r in c ip le  o f the 
operation remains the same, to  remove the atheromatous plaque which 
is  causing e ith e r haemodynamically s ig n if ic a n t stenosis or is  the 
source o f emboli. In th is  respect l i t t l e  has changed since the f i r s t  
ca ro tid  thromboendarterectomy was performed in  1953 and the operative 
technique has been described in  d e ta il (Thompson & Talkington 1982; . 
Greenhalgh 1984).
Under general anaesthesia an oblique in c is io n  is  made over the 
a n te rio r border o f sternomastoid and the ca ro tid  b ifu rca tio n  is  
exposed. The common ca ro tid  a rte ry  is  mobilised proxim ally to  the 
leve l o f the omohyoid and the in te rna l ca ro tid  d is ta l ly  to  the
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pos te rio r b e lly  o f d ig a s tr ic , which can be divided fo r  add itiona l 
exposure. Care is  taken not to damage the hypoglossal, vagus, 
superior laryngeal or glossopharyngeal nerves and during m ob ilisa tion  
the a rte ry  must be handled gently , to  avoid embolisation o f loose 
atheromatous material or thrombus. Each o f the three vessels is  
con tro lled  by s lings and a fte r  heparin isation the a r te r ie s  are 
occluded w ith  vascular clamps. An arteriotom y is  made from the 
common ca ro tid  in to  the in te rna l ca ro tid  reaching d is ta l ly  beyond the 
the plaque to  v isua lise  the e n tire  endarterectomy segment. Depending 
on the measurement o f the in te rna l ca ro tid  stump pressure, an in t r a ­
luminal shunt may then be placed to maintain cerebral blood flow  fo r  
the duration o f ca ro tid  clamping. Endarterectomy is  performed in  the 
appropriate plane o f the media s ta r t in g  in  the common ca ro tid  a rte ry  
and the plaque is  divided transversely a t the proximal extent o f the 
d issection (P late 1 .1 ). The plane is  developed to the o r ig in  o f the 
external ca ro tid  a rte ry  and in to  the in te rna l ca ro tid  where the 
d is ta l margin o f the plaque usually tears o f f  smoothly to  leave a 
s a tis fa c to ry  endpoint (P late 1 .2 ). I t  is  imperative to see th is  
endpoint c le a r ly , as the intima may have to be secured w ith  tacking 
sutures to prevent d issection . A fte r removing any debris from the 
a r te r ia l w a ll, the arteriotom y is  closed w ith a 6.0 polypropolene 
suture and the shunt removed before the f in a l few s titches  are 
placed. The vessels are flushed and the in te rna l ca ro tid  allowed to 
back bleed to  remove loose thrombus before reclamping. Blood flow  is  
f i r s t  restored to the external ca ro tid , preventing any a ir  from
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emboli sing to  the brain and f in a l ly  the in te rna l ca ro tid  clamp is  
released.
In order to  ensure a sa tis fa c to ry  endarterectomy, operative 
arteriography may be performed to  v isua lise  technical defects o f 
in tim a l fla p  or d issection  (Rosental, Gaspar & Movius 1973). 
A lte rn a tiv e ly  the proximal and d is ta l l im its  o f the endarterectomy 
may be v isua lised d ire c t ly  by angioscopy p r io r  to  f in a l closure o f 
the arteriotom y (Towne & Bernhard 1977).
In those cases where the in te rna l ca ro tid  a rte ry  is  narrow and 
d ire c t suture may produce stenosis, the arteriotom y can be closed by 
patch angioplasty using e ith e r autogenous vein or p ros the tic  g ra ft 
(Katz e t al 1987; Deriu e t al 1984).
Cerebral p ro tection  during ca ro tid  cross-clamping has been 
practiced since the e a r lie s t days o f ca ro tid  surgery and o r ig in a lly  
systemic hypothermia was used to prevent ischaemic damage (E astco tt 
e t al 1954). This has since been replaced by in tra  luminal shunting 
which can be inserted ro u tin e ly  (Javid e t al 1979; Browse & Ross 
Russell 1984) or se le c tive ly  in  cases where there is  r is k  o f cerebral 
ischaemia, on the grounds o f poor c o lla te ra l c irc u la tio n  around the 
c irc le  o f W ill is  (Moore, Yee & Hall 1973).
A fte r sa tis fa c to ry  haemostasis the wound is  closed in  layers 
w ith suction drainage fo r  the f i r s t  24 hours. The pa tien t is
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returned to  the in tens ive  care u n it fo r  close monitoring of 
neurological and cardiovascular status and can be transfe rred to  the 
ward a fte r  24 or 48 hours.
1 .3 .i i i  Carotid Endarterectomy: Current Applications
Cerebrovascular disease a ffec ts  approximately one th ird  o f the 
adu lt population and stroke is  the th ird  commonest cause o f death in  
the western world. This accounts fo r 11% o f a l l  adu lt m o rta lity  in  
Great B r ita in  (Haberman, Capildeo & C lif fo rd  Rose 1981). In the 
United States, stroke has been estimated to cost $7 b i l l io n  annually 
in  medical treatment and time lo s t from work (Powers & Raichle 1984). 
Stroke is  commonly caused by cerebral in fa rc tio n  due to e ith e r 
haemorrhage or thrombosis and up to 70% of pa tients are found to  have 
s ig n if ic a n t ca ro tid  a rte ry  disease (Hass e t al 1968). B e tte r contro l 
o f hypertension has lowered the incidence o f cerebral haemorrhage 
therefore ra is in g  the proportion of strokes produced by 
thromboembolism (Garaway, Whisnant & Drury 1983). Despite improved 
understanding o f the pathophysiology there has been l i t t l e  change in  
the prognosis o f pa tien ts who su ffe r completed stroke. There is  a 
50% m o rta lity  in  pa tien ts admitted to hospital w ith stroke and over 
60% of the 4 week survivors w i l l  die during the next 5 years from 
e ith e r ischaemic heart disease or recurrent stroke (Marquardsen 
1976). Of those surv ivo rs, 25% w i l l  be inva lided and require nursing 
care, 60% w i l l  have e ith e r moderate or m ild permenant d is a b i l i ty  and 
only 15% w il l  recover to the degree th a t they can return to  th e ir  
pre-stroke a c t iv it ie s  or employment (Marquardsen 1983).
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The ro le o f ex tra -c ran ia l a therosclerosis as a cause of stroke 
has been increasing ly recognised and the value o f ca ro tid  surgery in  
preventing stroke has been assessed in  three groups o f pa tien ts .
These are asymptomatic ca ro tid  disease, those w ith  symtoms o f 
tra n s ie n t ischaemic attacks and pa tients who have already suffered a 
completed stroke.
Asymptomatic carotid disease
Studies o f pa tien ts  w ith asymptomatic cerv ica l b ru it  ind ica ted 
an increased r is k  o f stroke a t 14% over 6 years, compared to 3.4% in  
a s im ila r group w ithout b ru it  (Heyman e t al 1980). There was no 
co rre la tio n  between the side o f the b ru it  and the area o f subsequent 
cerebral in fa rc tio n  and cerv ica l b ru it  could only be regarded as a 
sign o f severe widespread atherosclerosis (Wolf e t al 1981).
Whether or not stroke is  s u f f ic ie n t ly  more common in  pa tien ts  
w ith asymptomatic ca ro tid  disease to  ju s t i f y  any form o f treatment 
remains contravers ia l (F ie lds 1978; Mohr 1982). Proponents o f 
prophylactic  endarterectomy recommend th is  as a low r is k  procedure 
and a study, w ith  fo llow  up to 10 years, compared an overa ll 
periopera tive and postoperative stroke ra te o f 5% in  pa tien ts  treated 
by endarterectomy, to  17.4% in  a group o f unoperated con tro ls  
(Thompson, Patman & Talkington 1978). S im ila rly  Burke reported a low 
combined periopera tive and postoperative stroke rate o f 4%, but found 
a high incidence o f postoperative cardiac events (40%) in  pa tien ts  
w ith s ig n if ic a n t cardiac r is k  fac to rs  (Burke, Callow & O'Donnell
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1982). This im plied th a t s ig n if ic a n t cardiac m orbid ity may outweigh 
the long term bene fit o f stroke prophylaxis in  th is  group o f 
pa tien ts .
Stroke prophylaxis in  asymptomatic ca ro tid  disease was examined 
by Chambers & Norris (1984). Assuming a two th ird s  reduction in  
stroke r is k  reported by the A rte r ia l Occlusion Jo in t Study (F ie lds e t 
al 1970) and a periopera tive stroke ra te o f 1.5%, a break even po in t 
between s u rg ica lly  and medically treated pa tien ts is  reached a t 13 
months. This is  true when stroke is  considered as the only endpoint 
but i f  stroke and death are considered together, the b e n e fit o f 
surgery is  not seen u n t il 28 months. This ra tiona le  depends on a 
combined periopera tive stroke rate and m o rta lity  o f 3% in  
asymptomatic pa tien ts (Thompson e t al 1978). In other centres 
periopera tive complication rates have been quoted a t 11% and 21% 
(B ro tt & Thalinger 1983; Easton & Sherman 1977). This a lte rs  stroke 
prophylaxis such th a t a 15% periopera tive m orbid ity would increase 
the in te rva l to  the break even po in t to  more than 4 years before the 
benefits  o f surgery would be apparent (Chambers & Norris 1984).
These re su lts  advocate a conservative approach to  asymptomatic 
ca ro tid  disease and pa tients w ith cerv ica l b ru it ,  endorsed by E l l is  & 
Greenhalgh (1987). In a study comparing b ru it  pa tients w ith  age and 
sex matched co n tro ls , they recorded a s ig n if ic a n t ly  higher ra te  o f 
tra n s ie n t ischaemic attacks a t 26.5% in  b ru it  pa tients compared to  6% 
in  contro ls over 5 years. The rate o f stroke, w ithout anticedent
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TIA, was 9% in  b ru it  pa tien ts and 8% in  co n tro ls . This would suggest 
tha t i t  is  appropriate to w a it fo r  the onset o f symptoms before 
considering surgery.
Transient ischaemic attacks
The case fo r  surgery is  more w idely accepted in  pa tients 
su ffe ring  tra n s ie n t ischaemic attacks (TIA) as the r is k  o f stroke is  
fa r  h iger than in  those w ith asymptomatic disease. The overa ll 
incidence of stroke fo llow ing  TIA has been reported by various 
authors a t 36%, 22% and 12% a t 3 years a fte r  the onset o f symptoms 
(S ieke rt, Whisnant & M illik a n  1963; Baker, Ramseyer & Schwartz 1968; 
F ie lds e t al 1970). The Mayo C lin ic  reported a stroke ra te o f 45% 
over 5 years in  untreated TIA pa tien ts  and although th is  improved to 
24% w ith anticoagulants, i t  never approached the 5% stroke ra te in  an 
age matched population over the same period (Whisnant, Matsumoto & 
Elveback 1973). In a fu r th e r study, anticoagulants appeared to  
reduce the recurrence of TIA but did not a ffe c t the incidence o f 
stroke recorded a t 5% per year (Toole e t al 1975).
The resu lts  o f medical therapy were comparable to  the early  
resu lts  o f surgery when endarterectomy produced a s ig n if ic a n t ra te  o f 
postoperative neurological d e f ic i t .  In a series o f pa tien ts  who had 
ca ro tid  surgery between 1958 and 1963, combined periopera tive  and 
postoperative complications were id e n t if ie d  in  26% o f pa tients 
followed up fo r  5 to  9 years (Edwards, Wilson & Bennett 1968).
However more recent series have been reported w ith an operative
\
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m orbid ity and m o rta lity  o f less than 5 percent (Javid e t al 1979; 
Thompson 1980; Browse & Ross Russell 1984). In order to  compare 
medical and surgical treatments the incidence of stroke in  the years 
fo llo w ing  surgery must be considered w ith the periopera tive 
neurological d e f ic its .  At 5.5 years the overa ll stroke ra te was 12%, 
or 2% per year in  operated pa tien ts  presenting w ith  TIA (Stewart,
Ross Russell & Browse 1986), compared w ith  5% per year in  medically 
treated pa tien ts  (Whisnant e t al 1973).
Established stroke and progressing stroke
Carotid endarterectomy is  performed less frequently  in  pa tien ts 
w ith completed stroke than fo r  TIA according to a survey o f B r it is h  
Vascular Surgeons (Murie & Morris 1986). N ine ty-s ix  percent stated 
th a t they would perform ca ro tid  surgery "o ften" or "sometimes" fo r 
TIA but only 56% o f surgeons would operate fo r  minor stroke and 23% 
fo r  established stroke. This re fle c ts  the view th a t a completed 
ischaemic event has occured and w i l l  not be improved by 
revascu la risa tion . Carotid endarterectomy is  performed p r im a rily  fo r  
the r e l ie f  o f symptoms, usually TIA, and as prophylaxis against 
stroke. Of a l l  pa tien ts  w ith a therosc le ro tic  ca ro tid  disease 
surv iv ing th e ir  i n i t i a l  stroke, 50% w i l l  su ffe r a second stroke 
w ith in  8 years, a ra te  o f 9% per year (Walton 1977; Laugton-Hewer 
1983). The r is k  o f fu rth e r stroke seems to be inverse ly re la ted  to 
the severity  o f the o r ig in a l stroke. Recurrence is  ra re ly  seen in  
pa tien ts  w ith major neurological damage and ca ro tid  surgery is  only 
appropriate fo r  pa tien ts  w ith m ild or moderate d e f ic its  (Marquardsen
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1983). This group o f stroke pa tien ts has a higher operative 
m o rta lity  o f 6.1%, compared to  1.1% in  TIA pa tien ts , but th is  may 
re f le c t  o f the seve rity  o f th e ir  vascular disease (Thompson, Austin & 
Patman 1970). A combined operative m orbid ity and m o rta lity  o f 4.5% 
and stroke rate o f 1.4% per year over 5 years compares favourably 
w ith  medical management (Rubin e t al 1986).
Early endarterectomy fo r  acute major stroke had the highest 
operative m o rta lity  as ischaemic in fa rc ts  were thought to  be 
converted to haemorrhagic lesions fo llow ing  revascu la risa tion  (W ylie, 
Hein & Adams 1964). However those few pa tients w ith  e ith e r cresendo 
TIA or progressing stroke represent a sub group which may be n e fit 
from surgery. Medical treatment fa ile d  to a rre s t the progress o f 
stroke in  74% o f pa tien ts  w ith progressing stroke and 14% died 
(M illika n  1973). In  uncontrolled reports o f su rg ica lly  treated
i
pa tien ts , stroke progression was stopped or neurological status 
improved in  70%, 91% and 100% a fte r  emergency endarterectomy.
(Mentzer e t al 1981; Greenhalgh e t al 1985; Goldstone & Moore 1978). 
Surgery may therefore be appropriate in  th is  group which otherwise 
has a poor prognosis.
1.4 Complications S pec ific  to  Carotid Endarterectomy
1.4.1 Neurological
The most serious complication o f ca ro tid  endarterectomy is  the 
occurrence or exacerbation o f neurological d e f ic its  a t the time o f 
surgery or in  the early  postoperative period. These can be e ith e r o f
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a tra n s ie n t nature, resolving completely w ith in  24 hours, or 
permanent defects which ind ica te  ir re v e rs ib le  cerebral damage (Browse 
& Ross Russell 1984). The rates o f periopera tive stroke vary 
considerably between d if fe re n t series. Prioleau reported 34 strokes 
fo llow ing  317 operations and Easton described 10 strokes a fte r  68 
procedures to give overa ll stroke rates o f 10.7% and 14.7% 
respective ly (P rio leau, Aiken & Hairston 1977; Easton & Sherman
1977). De Weese id e n t if ie d  periopera tive stroke in  6% o f patients 
w ith  a fu rth e r 15% su ffe ring  tra n s ie n t d e f ic its  in  the 5 days a fte r  
surgery (De Weese e t al 1973). Prospective c l in ic a l studies have 
shown the lowest rates o f permanent operative d e f ic its  to  be 
approximately 1%, w ith  2% fo r  tra ns ien t defects (Rich & Hobson 1975; 
Javid e t al 1979; Browse & Ross Russell 1984).
The endpoints defined in  these series were a ll based on 
c l in ic a l ly  detected stroke and did not include the asymptomatic or 
s ile n t  cerebral in fa rc t .  In a study o f TIA pa tien ts , who had pre and 
postoperative computerised tomographic brain scans (CT), a c lin ic a l 
m orbid ity was id e n t if ie d  in  4% o f pa tien ts  (Berguer e t al 1986). In 
each o f these cases a new defect was seen on the second CT scan. In 
add ition  rad io log ica l evidence of cerebral in fa rc tio n  was seen in  a 
fu r th e r 8% o f otherwise asymptomatic pa tien ts , g iv ing an overa ll 
operative m orbid ity o f 12% on CT assessment.
Perioperative neurological d e f ic its  are caused by two d is t in c t  
mechanisms; thromboembolism and cerebral ischaemia. In order to
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avoid embolism o f p la te le t thrombi or loose debris from necrotic  
atheromatous plaque, carefu l m ob ilisa tion  o f the ca ro tid  a rte ry  is  
necessary. P la te le t aggregates may also form during the closure o f 
the arteriotom y and these can be removed by back bleeding and 
flush ing  o f the endarterectomy before flow is  reestablished to  the 
in te rna l ca ro tid  a rte ry  (Thompson 1980). Cerebral ischaemia w i l l  
occur i f  the c o lla te ra l blood flow  is  in s u ff ic ie n t during the period 
o f ca ro tid  occlusion and the regional cerebral blood flow  is  less
than 18-23 ml/lOOg/min (Sundt e t al 1974). Although induced
hypertension and hypocapnia have been used fo r  cerebral p ro tec tio n , 
these methods have been replaced by the in se rtio n  o f an in tra lum ina l 
shunt (Ehrenfeld e t al 1970; Hays, Levinson & Wylie 1972).
The assessment o f c o lla te ra l cerebral blood flow  and the 
neccessity fo r  an in tra lum ina l shunt is  measured by the response o f 
ce rta in  parameters to  temporary ca ro tid  occlusion. Changes in  
neurological status in  the conscious p a tie n t, a reduction in  in te rn a l 
ca ro tid  a rte ry  stump pressure or a lte ra tio n  o f the e le c tro ­
encephalogram have a ll been assessed as ind ica to rs  o f in s u f f ic ie n t  
cerebral blood flow  (Yao & Bergen 1979). However po ten tia l cerebral 
ischaemia is  id e n tif ie d  in  varying proportions o f pa tien ts  by each of 
these methods. In a series o f 359 endarterectomies performed under 
loca l anaesthesia, only 4% required an in tra lum ina l shunt on the 
grounds o f neurological de te rio ra tio n  fo llow ing  ca ro tid  occlusion fo r
60 seconds (Steed e t al 1982). Using a ca ro tid  a rte ry  stump pressure
o f less than 50mm Hg as the c r i t ic a l  value fo r  shunt in s e rtio n , 100
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out o f 175 cases (57%) required in tra lum ina l shunts (Hertzer e t al
1978). However assessment o f cerebral ischaemia by EEG monitoring 
suggested tha t shunts were required in  23 out o f 213 cases (11%) 
where ischaemic changes were seen on EEG tracings during ca ro tid  
occlusion (Baker e t al 1975).
Despite varying shunt p o lic ie s , periopera tive stroke has not 
been seen more frequently  in  large series o f unshunted patients 
compared to those where shunts are inserted ro u tin e ly  (Baker, Dorner 
& Barnes 1977; Javid e t al 1979). This im plies th a t the m a jo rity  o f 
neurological d e f ic its  re la ted to surgery are caused by thrombo­
embolism ra ther than cerebral ischaemia. In 345 endarterectomies 
performed w ithout a shunt, under loca l anaesthetic, the tim ing o f  
onset o f d e f ic i t  was determined. Of the 21 operative neurological 
defects (6%) only 1 (0.3%) occurred during ca ro tid  occlusion and was 
re la ted to cerebral ischaemia, while the other 20 were detected a t 
the time o f a r te r ia l m ob ilisa tion , clamp release or in  the f i r s t  5 
postoperative days and were a ttr ib u te d  to  embolism or reperfusion 
in ju ry  (Steed e t al 1982). A subgroup which would be n e fit from 
cerebral p ro tection  was seen in  a review of 940 unshunted ca ro tid  
procedures. Patients w ith a ca ro tid  stump pressure o f less than 50mm 
Hg and a con tra la te ra l ca ro tid  occlusion were 11 times more l ik e ly  to  
su ffe r pe ri-opera tive  neurological d e f ic i t  than patients w ith  a 
normal pressure and a patent ca ro tid  on the opposite side (Baker e t 
al 1984). This combination o f con tra la te ra l occlusion and low stump
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pressure may represent a high r is k  subgroup which requires in t ra ­
luminal bypass to avoid cerebral in fa rc t io n .
1 .4 -i i Thrombosis
Although thrombosis fo llow ing  vascular reconstruction is  always 
serious i t  may be catastrophic a fte r  ca ro tid  endarterectomy. Acute 
thrombosis w ith ca ro tid  occlusion often resu lts  in  extensive cerebral 
in fa rc tio n  w ith ir re v e rs ib le  hemiplegia. This was seen a fte r  5 out 
o f 326 endarterectomies (1.5%) where occlusion was confirmed a t 
reoperation (Novick, Mi 11i 1i  & Nemir 1985).
The incidence o f asymptomatic thrombosis is  more d i f f i c u l t  to 
assess. Nineteen o f 300 patients (6%) were thought to have 
postoperative thrombosis on routine postoperative oculo­
plethysmography and 3 o f  these suffered fa ta l strokes w ith  in te rna l 
ca ro tid  occlusion substantiated at post mortem (Ortega e t al 1981). 
Occlusion was confirmed in  only 7 o f the remaining 16 by e ith e r 
angiography or reoperation and a ll o f these were asymptomatic. In a 
study o f operative angiography, 2 out o f 260 patients (0.8%) were 
found to have complete in te rna l ca ro tid  occlusion a fte r  closure o f 
the arteriotom y and 5 more (2%) had non-occlusive thrombosis. In 
each case thrombectomy was performed and none o f these pa tien ts  
suffered a neurological d e f ic i t  (Rosental e t al 1973). This would 
suggest th a t thrombotic occlusion causes stroke in  1% o f pa tien ts  
a fte r  endarterectomy w ith asymptomatic occlusion occurring in  a 
fu rth e r 2-5%. Immediate post-operative thrombosis w i l l  account fo r  a
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proportion of the 6% o f pa tien ts found w ith to ta l occlusion in  la te  
studies o f restenosis (Glover e t al 1985).
Data on the pathological appearances o f the a r te r ia l wall in  
acute ca ro tid  thrombosis is  scarce due to  the few instances o f th is  
com plication. French examined 10 a rte rie s  from patients who died in  
the early  postoperative period, find ing  5 thrombosed and 5 patent 
vessels. The three consistent h is to lo g ica l features reported in  both 
thrombosed and patent vessels were the acute inflammatory reaction , 
necrosis o f the media o f the a r te r ia l wall and adherent mural 
thrombus. More extensive inflammation and medial necrosis was seen 
in  those a rte rie s  w ith occlusive thrombus but the most intense 
inflammatory response was observed in  a rte rie s  where the greater pa rt 
o f the media had been removed, leaving only a th in  medial laye r on 
the a dven titia  (French & Rewcastle 1974).
1 . 4 . i i i  Cardiovascular
Myocardial in fa rc tio n  is  the major cause o f m orbid ity and 
m o rta lity  fo llow ing  ca ro tid  endarterectomy and is  more frequent than 
stroke in  pa tients w ith  asymptomatic ca ro tid  disease (Burke e t al 
1982). This re fle c ts  the eldery population undergoing th is  procedure 
w ith 80% o f pa tien ts  having previous h is to ry  o f heart disease, 
hypertension or diabetes (Whisnant, C artlidge & Elveback 1978). 
O vera ll, myocardial in fa rc tio n  was associated w ith ca ro tid  surgery in  
2.3% o f 683 pa tien ts , but was confirmed in  4.9% o f 284 pa tien ts  w ith  
evidence o f ischaemic heart disease. This contrasted w ith  an
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in fa rc tio n  rate o f 0.5% in  the remainder (R iles, Kopelman & Imperato 
1979).
Postoperative hypertension is  common fo llow ing  ca ro tid  
endarterectomy and is  a s ig n if ic a n t cause o f m orbid ity (Cap!an, 
Skillman & Ojemann 1978). Pre-operative hypertension is  found in  
more than 50% o f a ll pa tients and a s ig n if ic a n t r is e  in  s y s to lic  
pressure, to  more than 220mm Hg, was detected in  19% o f pa tients 
(Bove, Fry & Gross 1979). The aetio logy o f postoperative 
hypertension has been a ttr ib u te d  to ca ro tid  sinus s tim u la tion  and 
corre la ted w ith postoperative neurological complications (Angel1- 
James & Lumley 1974). Neurological d e f ic i t  was detected in  10.2% o f 
pa tien ts  w ith postoperative hypertension compared to 3.4% in  the 
normotensive group (Towne & Bernhard 1980).
1 .4 . iv  Wound and cran ia l nerve
Haemorrhagic complications occur in  3% o f cases fo llow ing  
ca ro tid  surgery although less than h a lf w i l l  involve the a r te r ia l 
suture l in e  (Nunn 1975). The skin has a rich  dermal blood supply 
which re su lts  in  minor postoperative bleeding and may be compounded 
by the adm inistra tion o f p la te le t in h ib ito ry  therapy (Towne 1980).
The dissection requires the d iv is io n  o f several large veins, most 
notably the a n te rio r fa c ia l vein, and since coughing or valsalva may 
cause a lig a tu re  to s l ip ,  tra n s fix io n  o f these vessels is  recommended 
(Browse & Ross Russell 1984).
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Operative damage to the crania l nerves and th e ir  branches is  
recognised and can be detected in  4-17% o f cases (Towne 1980). 
D iv is ion  o f the greater a u ricu la r or su p e rfic ia l transverse cerv ica l 
nerves is  more frequent and paraesthesia is  seen in  up to 45% of 
pa tien ts . An inappropria te ly  high in c is io n  can endanger the 
mandibular or cerv ica l branches o f the fa c ia l nerve (V II)  causing 
la b ia l asymmetry (Dehn & Taylor 1983).
In ju ry  to  the hypoglossal nerve (X II)  has been reported to  occur 
in  up to  17% o f pa tien ts  undergoing ca ro tid  endarterectomy and can 
re s u lt in  tongue devia tion , dysarthria  and d i f f i c u l t  w ith  m astication 
(Hertzer e t al 1980; De Weese e t al 1973). The X II nerve is  exposed 
as i t  crosses an te ro -la te ra l to both the external and in te rna l 
ca ro tid  a rte rie s  above the b ifu rc a tio n . In order to achieve 
s u ff ic ie n t  d is ta l exposure i t  may be neccessary to m obilise th is  
nerve. This is  fa c i l i ta te d  by d iv id in g  the descendens hypoglossi and 
the sternomastoid branch o f the external ca ro tid  a rte ry  which te thers 
the nerve la te ra l ly  (Verta e t al 1976). The p o s s ib il ity  o f X II nerve 
damage should always be considered when contemplating b ila te ra l 
operation, e ith e r synchronously or as a staged procedure (Bageant, 
Tondini & Lysons 1975).
Damage to the vagus nerve (X) is  less common, however 
postoperative voice changes and vocal chord pa lsies may re s u lt from 
in ju r ie s  to the superior and recurrent laryngeal nerves (Evans,
Mendelowitz & Li apis 1982). The postero la te ra l re la tionsh ip  o f the
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vagus nerve to the ca ro tid  a rte ry  makes i t  vulnerable to  damage from 
a r te r ia l clamps, p a r t ic u la r ly  during the in se rtio n  of an in t ra ­
luminal shunt (Dehn & Taylor 1983).
1.4 .v Restenosis
Before the developement of non invasive techniques o f ca ro tid  
assessment, recurrent stenosis was id e n t if ie d  almost exclus ive ly in  
patients w ith  recurrence o f e ith e r neurological symptoms or cerv ica l 
b r iu t  (Thompson 1970). The published series o f angiographic fo llow  
up a fte r ca ro tid  surgery were small w ith selected patients studied 
and few of these were asymptomatic (B la is d e ll, Lim & Hall 1967; 
Schutz, Fleming & Awerbuck 1970).
Restenosis was f i r s t  examined in  a review o f 1654 ca ro tid  
endarterectomies reported by Stoney and S tring  in  1976. They 
id e n tif ie d  32 stenoses in  29 patients o f whom 27 were symptomatic, 
between 5 months and 13 years a fte r  surgery. H istology o f the 
resected lesions showed in tim a l f ib ro s is  in  those seen less than 2 
years a fte r  surgery but la te r  restenosis was caused by recurrent 
a therosclerosis. I t  was th is  paper which prompted comments from 
Imparato, Callow and Kartchner who a ll suggested th a t symptomatic 
lesions could represent only a small proportion of a ll restenoses and 
tha t the true incidence of restenosis was unknown (Stoney & S tring
1976). At th a t time reoperation was being performed in  approximately 
4% o f pa tients and h a lf o f these were fo r  asymptomatic restenosis. 
Recurrent symptomatic restenosis was found in less than 2% o f
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patien ts  fo llow ing  ca ro tid  endarterectomy (Cossman e t al 1978; 
Hertzer, Martinez & Bevan 1979).
The impact o f non-invasive assessment was f i r s t  noticed in  a 
study o f oculoplethysmography (OPG) fo llow ing  endarterectomy. This 
id e n tif ie d  restenosis in  12% o f pa tien ts  although only 1.7% were 
symptomatic (Kremen e t al 1979). This prompted fu rth e r reports on 
th is  subject using increasing ly  sens itive  non-invasive techniques. 
Restenosis was found in  29 out of 199 a rte rie s  (14.6%) examined by 
OPG and phonoangiography (Cantelmo e t al 1981). Doppler spectral 
analysis i n i t i a l l y  ind icated restenosis in  36% of p a tien t studied in  
the year a fte r  surgery (Z ie r le r  e t al 1982), however th is  high rate 
was not confirmed a t fo llow  up beyond 12 months and may represent 
e ith e r regression of disease or e rro r in the technique.
Using the more accurate technique o f Duplex scanning, restenosis 
was id e n tif ie d  in  15% o f pa tien ts , although th is  was judged to  be 
greater than 50% of the luminal diameter in  only 9% (Thomas e t al
1984). Subsequently restenosis rates o f between 6.7% and 22% were 
reported from major series, using e ith e r Duplex ultrasound or d ig ita l 
subtraction angiography and a ll confirmed the previous supposition 
tha t recurrent symptomatic restenosis occured in  only 1-2% o f 
pa tients (Table 1 .1 ). In contrast to the o r ig in a l reports o f 
symptomatic restenosis w ith fo llow  up extending to 13 years (Thompson 
1982), fo llo w  up in these non-invasive studies ranged from only 6 
months to 4 years w ith a mean of less than 24 months and represented
41
Edwards et al 1968  
DeW eese et al 1968  
Schutz et al 1970  
Stoney & String 1976  
Cossman et al 1978  
Hertzer et al 1979  
Thomson et al 1982  
Thomas et al 1984  
Pierce et al 1984  
Keagy et al 1985  
Colgan et al 1984  
Nicholls et al 1985  
Glover et al 1985  
Ackroyd et al 1986
Patients Restenosis % 
93 3.2
227 2.7
39  5
1654  1.5
36 0  3.6
1250  1.04
1286 0 .86
257 9
139 6.7
122 22
80 12.5
145 22
155 16
292 15
Table 1.1 Reported incidence of restenosis after
carotid endarterectomy. Prior to the use 
of non-invasive assessment* cases of 
restenosis were only identified in patients 
with recurrent symptoms of cerebrovascular 
insufficiency or cervical b ru it.
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early  postoperative restenosis (Pierce e t al 1984; Colgan, Kingston & 
Shanik 1984; Keagy e t al 1984; Glover e t al 1985; N icho lls  e t al 
1985; Ackroyd, Lane & Appelberg 1986).
H is to lo g ic a lly , ca ro tid  restenosis may be due to recurrent 
atheroma or in tim a l hyperplasia but the pathogenesis o f e ith e r 
process remains obscure (French & Rewcastle 1977). Technical facto rs 
may be responsible in some cases and clamp damage, in tim a l flaps  and 
fa ilu re  to  remove the d is ta l tongue o f plaque have a ll been 
im plicated (DePalma e t al 1977; Edwards e t al 1968; Javid e t al 
1970).
The macroscopic and h is to lo g ica l d if fe re n tia t io n  between in tim a l 
hyperplasia and recurrent atheroma has been described in  d e ta il 
(Cossman e t al 1978). In the postoperative period and up to  24 
months a fte r  surgery the lesion is  smooth, fib rous and w ithout 
u lce ra tio n . Microscopy reveals spindle shaped nucleated c e lls  in  a 
fibromyxomatous m a trix , w ithout the neovascularisation or l ip id  
deposition ch a ra c te ris tic  o f recurrent atheroma. Whether or not the 
e a r lie r  lesion o f in tim a l hyperplasia is  a precursor o f the la te r  
recurrent atheroma remains unanswered. There is  no h is to lo g ica l 
s im ila r ity  between the fib rous stroma o f hyperplasia and the 
u lce ra tin g  l ip id  les ion of atheroma (Callow 1982) and u n t i l  a 
tra n s itio n a l stage lin k in g  the two separate pathological appearances 
is  id e n t if ie d , they must be regarded as separate e n t it ie s .
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The ro le  o f p la te le ts  in  restenosis has not been defined 
although p la te le t hyperaggregability was suggested as a predisposing 
fa c to r (Stoney & S tring  1976). S im ila rly  the e ffe c t o f aggregating 
p la te le ts  on the exposed media o f the a r te r ia l wall may be 
responsible fo r  the hyperp lastic reaction which causes in tim a l 
th ickening and restenosis (Thomas e t al 1984; Das e t al 1985)
1.5 Measurement of Restenosis
The measurement o f restenosis of the ca ro tid  a rte ry  a fte r  
endarterectomy fo rtu n a te ly  may u t i l is e  the same imaging techniques 
used to define ca ro tid  disease.
1 .5 .i  Arteriography
Before 1980, assessment o f a r te r ia l stenosis was lim ite d  to the 
only e ffe c tiv e  method o f rad io log ica l imaging, contrast angiography. 
This was performed e ith e r by d ire c t ca ro tid  puncture or the technique 
o f retrograde cannulation (S teiner e t al 1984; Seldinger 1953). 
Despite the exce llen t images obtained, major complications were seen 
in  approximately 1% o f cases (Plate 1 .3 ). Haemorrhage, luminal 
thrombosis and fa lse  aneurysm occurred a t the s ite  o f a r te r ia l 
puncture and 1% of pa tients may have an anaphalactic reaction to  the 
contrast medium. In the case of cerebral angiography, stroke may 
re s u lt from the ca the te risa tion  of the arch vessels (M aini, Eisenberg 
& McDonald 1978). This m orbidity re s tr ic te d  these imaging procedures 
to  those patients who were l ik e ly  to undergo surgery and there could
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be no ju s t i f ic a t io n  to repeat conventional angiography in  routine 
fo llow  up o f postoperative pa tien ts .
D igital Subtraction Angiography
With the exception of a lle rg ic  response to  radioopaque dye, 
which may occur w ith  the in je c tio n  o f any contrast medium, the 
complications o f angiography are a ttr ib u ta b le  to  the in tro d u c tio n , 
manupulation and pos ition ing  o f the in t ra -a r te r ia l catheter 
(Cronquist, Efsing & Palacios 1970). In je c tio n  o f the con trast by an 
intravenous route avoids the a r te r ia l puncture but by the time th a t 
the bolus reaches the a r te r ia l phase i t  is  too d ilu te  to  give 
adequate d e fin it io n  on a standard radiograph (Cebul & PauTus 1986). 
This problem has recently  been overcome by the use o f D ig ita l 
Subtraction Angiography (DSA) in  which a rad io log ica l image w ithout 
con trast is  subtracted from one w ith contrast and the re s u ltin g  
angiogram improved by d ig ita l enhancement (B u tle r 1986). Although 
such d ilu te  contrast may provide sa tis fa c to ry  a r te r ia l images in  some 
cases, d e fin it io n  s u ff ic ie n t fo r  surgery may not be always be 
achieved in the ca ro tid  a rte rie s  (Anderson & Fischer 1985; Crocker, 
Tutton & Bowen 1986). In th is  s itu a tio n  in t ra -a r te r ia l con trast can 
be introduced in to  the ascending aorta through a fin e  5 French gauge 
catheter. An arch flush  DSA may be performed w ithout the m orb id ity 
associated w ith ind iv idua l ca the te risa tion  o f the common ca ro tid  
a rte rie s  (P late 1.4, 1.5) (Sumner e t al 1985). This technique has 
been found to have an accuracy of 94%, which is  comparable w ith 
conventional angiography, w ithout i t s  com plications, and is  superior
Plate 1
1.1 Endarterectomy in progress. With the intraluminal shunt 
in place, the atheromatous tissue is removed with the plane 
of dissection through the media.
1.2 A fter endarterectomy the vessel wall appears smooth, but in 
the absence of vascular endothelium this surface will cause 
an intense thrombotic reaction. Once the endarterectomy
is closed a layer of thrombus forms which persists until 
healing occurs with the ingrowth of intima,
1.3 Selective carotid arteriograph: a catheter is introduced into 
the origin of the common carotid bifurcation and its branches. 
This patient has a tight internal carotid artery stenosis which 
was causing transient ischaemic attacks.
1.4 Digital subtraction angiography obtains comparable images 
without the morbidity of standard arteriography. This 
patient has severe bilateral internal carotid artery stenosis.
1. 5 In tra-arteria l DSA shows different patterns of disease with 
a deep atheromatous ulcer at the origin of the right internal 
carotid artery and 2 eccentric stenoses of the proximal left 
1CA. This patient had right carotid territo ry  symptoms.
1.6 A composite image of Duplex scanning. B-mode imaging shows 
the common and internal carotid arteries with stenosis at 
the origin of the ICA. Doppler frequency analysis is displayed 
in the lower part of the screen confirming a haemodynamically 
significant lesion.
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to  intravenous DSA in  both accuracy and :tfce volume o f contrast 
in jec ted  (R e illy , Ehrenfeld & Stoney 1984%
1 .5 . i i  Non invasive assessment o f restenosis
Despite the refinements in  technique and improvements in  
rad io log ica l imaging, arteriography remains an invasive procedure 
w ith  an appreciable m orbid ity o f 4% fo r  intravenous and 1% fo r  in tra -  
a r te r ia l DSA (R e illy  e t al 1984). Assessment o f the ca ro tid  
b ifu rca tio n  is  required in  patients w ith a typ ica l symptoms pre- 
opera tive ly  and fo r  sequential fo llo w  up in .th e  postoperative period. 
This has lead to the development o f various non-invasive techniques 
which assess ca ro tid  a rte ry  disease. These inves tiga tions  u t i l is e  
both pulsed Doppler which measures blood flow  and B-mode ultrasound 
which v isua lises a r te r ia l stenoses and a therosc le ro tic  plaque in  the 
vessel wall (Strandness 1985).
A combination o f these methods is  presently ava ilab le  as Duplex 
Ultrasound (Hames e t al 1985). In these instruments re a l-tim e , B- 
mode ultrasound and pulsed Doppler transducers are combined in  the 
same probe. The pulsed Doppler beam is  positioned under imaging 
contro l and frequency spectral analysis measured a t the s ite  o f 
stenosis (P late 1.6) (Roederer e t al 1983). Duplex scanning is  
p a r t ic u la r ly  appropriate fo r  the assessment o f patients a f te r  ca ro tid  
endarterectomy, in  th a t i t  has none o f the complications of 
angiography and can be used repeatedly in  the fo llow  up period 
(N icho lls  e t al 1985). I ts  overa ll accuracy of 80% and the a b i l i t y
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to  detect a diameter reduction o f greater than 50% in 94% o f cases 
ju s t i f ie s  i t s  c l in ic a l use in  the assessment o f ca ro tid  restenosis 
(Roederer e t al 1983),
1.6 Summary
Carotid endarterectomy has been performed fo r  more than th i r t y  
years in  the treatment o f pa tients w ith ca ro tid  a therosclerosis. In 
centres w ith low operative m orbid ity and m o rta lity , the risks  o f 
surgery are probably acceptable re la tiv e  to  the benefits  o f 
symptomatic r e l ie f  and improvement in  stroke free su rv iva l, although 
a d e f in it iv e  con tro lled  t r ia l  has y e t to  be performed (Warlow 1984).
Restenosis occurs in  approximately 15% o f pa tien ts in  the f i r s t  
2 years a fte r  surgery, however less than 2% develop recurrent 
neurological symptoms on the side o f recurrent narrowing. E ithe r 
conventional or d ig ita l subtraction arteriography ca rries  too great a 
m orbid ity to ju s t i f y  i t s  use fo r sequential fo llow  up o f these 
pa tien ts  and is  only ind icated when de ta iled  anatomical inform ation 
is  required before operation.
In order to  investiga te  the incidence o f restenosis, Duplex 
scanning o ffe rs  an appropriate a lte rn a tive  fo r  postoperative 
assessment o f the ca ro tid  b ifu rc a tio n . The combination o f continuous 
wave and B-mode ultrasound has no recorded m orbid ity and gives 
inform ation on blood flow , the anatomical s tructu re  o f the a r te r ia l 
wall and plaque morphology.
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Chapter 2
P late lets, Thrombosis and Intimal Hyperplasia
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2.1 Platelets and the a rte ria l wall
The function and morphology o f p la te le ts  and th e ir  re la tion sh ip  
w ith the s tructu re  of the a r te r ia l wall is  considered before 
examining the in te ra c tio n  o f p la te le ts  w ith the ca ro tid  a rte ry  
fo llow ing  endarterectomy.
'2.1.1 The P la te le t .
P la te le ts  are derived from megakaryocytes by endomitosis and 
cleaving o f the cytoplasm (Penington, S tre a tf ie ld  & Roxburgh 1976).
In man the p la te le t count is  normally maintained between 250 and 450 
x 10^/1 and a t any time approximately 20% o f the p la te le t pool is  
held w ith in  the spleen, where i t  is  thought th a t the more active  and 
older p la te le ts  are removed from the c irc u la tio n  (Penny, Rozenberg & 
F irk in  1966).
The p la te le t is  disc shaped, measures 2-4um in  diameter and is  
approximately lum in  thickness. Both granules and vesic les w ith in  
the cytoplasm have been demonstrated by electron microscopy. The 
vesicles contain liposomal hyd ro ly tic  enzymes (Bentfeld & Bainton 
1975) and the granules can be divided in to  dense bodies and alpha 
granules (White 1974; Gordon & M ilner 1976). Adenosine diphosphate, 
adenosine triphosphate, serotonin and calcium have been id e n t if ie d  in  
the dense bodies (Weiss 1975a; Weiss 1975b) w h ils t alpha granules are 
thought to store p la te le t fa c to r 4, beta-thromboglobulin and p la te le t 
derived growth fa c to r (Weiss e t al 1977).
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The two major functions a ttr ib u te d  to the p la te le t
are to support the in te g r ity  and physiology of the vessel wall and to
p a rtic ip a te  in  thrombosis and haemostasis (F irk in  1984).
2.1.11 A rte r ia l wall
A rte ries  are made up o f the three concentric layers o f in tim a, 
media and adven titia  (Fig 2 .1 ). Separating these layers are the 
in te rna l e la s tic  lamina between the intim a and media, and the
external e la s tic  lamina between the media and a d ve n titia . The intim a
consists o f two laye rs , endothelium and subendothelium which contain 
smooth muscle c e lls  (French 1971). The media is  composed o f smooth 
muscle, collagen and e la s tic  fib re s  which respond to the mechanical 
demands made on the vessel and allow a uniform d is tr ib u tio n  o f 
tension throughout the wall (Wolinsky & Glagov 1964). The a dven titia  
consists o f a loose arrangement o f connective tissue contain ing vasa 
vasorum, lymphatics and nerve fib re s  which are in  contact w ith  the 
surrounding tissues (Woolf 1982).
The endothelium lin in g  the intim a constitu tes the f i r s t  s ite  o f 
contact between blood and the vessel w a ll. This monolayer o f 
fla ttene d  c e lls  has been described as the guardian of the smooth 
muscle c e lls  o f the intima (McMillan 1978). A rte r ia l endothelium is  
se le c tive ly  permeable to allow d iffu s io n  o f nu trien ts  (Landis 1927) 
but must also maintain a non-thrombogenic surface in  order to prevent 
p la te le t acculumation (Mason e t al 1977).
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Adventitia
Media
Intima
^Endothelium
-  Basement membrane
-  Lamina propria
-  Smooth muscle cells
-Collagen
-Matrix
Internal elastic membrane 
Muscle and elastic tissue 
External elastic membrane
Figure 2.1 The arterial wall consists of concentric layers 
of connective tissue and smooth muscle cells 
which are separated from blood by the vascular 
endothelium.
Although both endothelia l ce ll membrane glycoproteins and ce ll 
wall surface charge may play a passive ro le  in  the repulsion o f 
p la te le ts , i t  is  the secretion of lo c a lly  active hormones th a t are 
thought to be responsible fo r  antithrom botic a c t iv ity  (Risberg, 
Peterson & Zettergren 1975). These include piasmi^gen a c tiva to r and 
thrombin binding substance (Aubrey, Hoak & Owen 1979), however the 
pulmonary endothelium removes many o f these vasoactive substances 
from the c irc u la tio n  (Vane 1969). The p la te le t in h ib ito ry  a c t iv ity  
o f the vascular wall is  thought to be mainly effected by the release 
o f prostacyclin  (PGI2 ) ,  which was recognised in  1976 (Moncada e t al 
1976; Moncada 1982).
2 .1 .i i i  Arachidonic acid metabolism
Arachidonic acid (Eicosa - 5,8,11,14 - te traenoic acid) is  a 
polyunsaturated fa t ty  acid . I t  is  the precursor o f a l l binenoic 
prostaglandins and is  libe ra ted  from membrane phospholipids by the 
action o f phospholipases (Vonkeman & van Dorp 1968). The enzynme 
cyclo-oxygenase (prostaglandin synthetase) metabolises arachidonic 
acid in to  the prostaglandin endoperoxide PGG2 and subsequently to  the 
stable compounds PGE2 , PGF2a and PGD2 via the intermediate PHG2 
(Fig 2.2) (Hamberg & Sanuelson 1974).
However in  p la te le ts  an unstable intermediate product, 
thromboxane A2 was id e n tif ie d  (Hamberg, Svensson & Samuelsson 1975) 
which was found to be id e n tica l to aorta c o n tra c tile  substance (Vane 
1969). Thromboxane A2 (TXA2 ) , which has a h a lf l i f e  o f only 30
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seconds, is  a potent vasoconstrictor and p la te le t ac tiva ting  agent 
(Gorman e t al 1977) and is  converted to the stable thromboxane B2 
(TXB2 ) ,  which may be assayed in serum and urine (Hamberg e t al 
1975).
In the vascular endothelium, p rostacyclin  synthetase converts 
anti-aggregatory PGH2 in to  the unstable product PGI2 , which is  known 
as prostacyclin  (Moncada e t al 1976). This conversion can occur from 
both endogenous and exogenous p la te le t derived endoperoxide (Moncada 
& Vane 1978). A lte rn a tiv e ly  the prostaglandin endoperoxides may be 
converted to eicosanoids via the 5- or 12- lipoxygenases (Moncada 
1982), or in to  leukotrienes which are found in  leucocytes (Murphy, 
Hammarstrom & Samuelsson 1979). Eicosanoids may be re la ted to slow 
reacting substance detected in  immediate h yp e rse ns itiv ity  reactions 
(Austen 1978).
While cyclo-oxygenase is  found in  a ll c e lls  except erythrocytes, 
lipoxygenases have been id e n tif ie d  only in  p la te le ts , lungs, white 
c e lls ,  blood vessels and epicardium. However p rostacyclin  synthetase 
is  thought to be present so le ly  in  vascular endothelium (Vane,
Bunting & Moncada 1982; Moncada e t al 1976). P rostacyclin has a h a lf 
l i f e  o f about 3 minutes and is  the most potent endogenous p la te le t 
in h ib ito r  known (W h ittle , Moncada & Vane 1978; Vane 1982).
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2.2 P late le t Involvement in Thrombosis and Coagulation
Normal haemostasis depends on in te ra c tio n  between the vessel 
w a ll, p la te le ts  and c lo tt in g  factors (Johnson 1971). Vessel wall 
in ju ry  releases tissue thromboplastin which activa tes prothrombin. 
This synthesises thrombin which causes p la te le t ac tiva tion  and 
adhesion to the damaged vessel wall (Mustard, Packham & Kinlough- 
Rathbone 1981). P la te le t a c tiva tion  is  associated w ith rapid 
extension o f pseudopodia and a change from disc to a spherical shape 
(Schick 1979).
A ll aggregating agents in  adequate concentrations can cause the 
p la te le t to release arachidonic acid by the action o f phospholipase A 
on phospholipid in  the p la te le t membrane. In the presence o f cyclo- 
oxygenase th is  leads to the formation o f thromboxane A2 (Marcus 
1982). D iffe re n t concentrations o f ac tiva tin g  agents produce two 
d is t in c t  phases o f aggregation. In response to low concentrations o f 
ADP, phase I aggregation occurs w ithout granule secretion, e ffected 
by fibrinogen c ro ss -lin k in g  o f p la te le ts  (Polley e t al 1981). This 
is  revers ib le  although p la te le ts  become re frac to ry  to subsequent 
exposure to ADP (M ills  1981). Phase I I  aggregation occurs w ith 
higher concentrations o f aggregants and fo llows the release o f the 
aggregatory products ADP, 5-HT (serotonin) and von W illebrand fa c to r 
from the dense bodies (Zucker & Nachmian 1985). In these 
circumstances aggregation is  irre v e rs ib le  and degranulation occurs 
w ith the release o f ADP and TxA2 which perpetuates the process 
(Mustard e t al 1981).
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The release reaction is  effected by high leve ls  o f p la te le t 
cytoplasmic calcium in a response to TxA£, which stimulates calcium 
ion transport across membranes and increases calcium f lu x  from the 
dense tubu lar system in to  the cytoplasm (Gerrard, Peterson & White 
1981). P la te le t ac tiva tio n  is  accompanied by change in  the 
in tra c e llu la r  d is tr ib u tio n  o f calcium and a rise  in  c y c lic  GMP but 
not 3 -5 -cyc lic  adenosine monophosphate (c y c lic  AMP) (Gerrard e t al
1977). Conversely, the prostaglandins which in h ib it  p la te le t 
aggregation activa te  adenyl cyclase w ith increased production o f 
in tra c e llu la r  c y c lic  AMP (Holmson &( Karpatkin 1983).
Although thrombus normally consists o f f ib r in ,  p la te le ts  and 
enmeshed red and white c e lls ,  blood coagulation may proceed in  the 
absence o f p la te le ts . Phospholipids in  in ta c t p la te le t membranes 
have been found to accelerate coagulation due to p la te le t fa c to r-3  
a c t iv ity  (Marcus 1967) and the rate o f conversion o f prothrombin to  
thrombin is  increased in the presence o f a p la te le t membrane receptor 
fo r an activa ted form o f fac to r V (Tracy e t al 1980). C lo t 
re tra c tio n  occurs only in  the presence o f p la te le ts , possib ly 
invo lv ing  the in te ra c tio n  o f p la te le t membranes w ith f ib r in  starch 
and the p la te le t actinomyosin c o n tra c tile  mechanism (Cohen e t al
1979). Other pathways have been proposed, includ ing ADP-induced 
fac to r X II a c tiv a tio n , but the physiological s ign ificance o f these in  
v it ro  observations remains to  be determined (Walsh 1979).
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2 .2 . i Hormonal regula tion o f p la te le t a c t iv ity
The pos itive  feedback e ffe c t o f ADP causing fu rth e r p la te le t 
aggregation would continue i f  unopposed. Vascular endothelium 
synthesises prostacyclin  from i t s  own endogenous precursors but may 
also use p la te le t released prostaglandin endoperoxides to produce 
PGI2 (Marcus e t al 1980). In a s im ila r manner the endothelium may 
convert p la te le t released ADP to adenosine which in h ib its  fu rth e r 
p la te le t aggregation (Walsh 1979). W hilst lo c a lly  secreted PGI2 is  
e ffe c tiv e , d ilu t io n  by the blood stream ensures tha t under basal 
conditions plasma leve ls  are in s u ff ic ie n t ly  high to  in h ib it  p la te le t 
function (McIntyre 1981).
Prostacyclin in h ib its  p la te le t aggregation a t much lower 
concentrations than those needed to in h ib i t  p la te le t adhesion to 
collagen. P la te le t attachment to vascular endothelium may produce 
s u ff ic ie n t endoperoxide substrates to ra ise loca l leve ls  o f PGI2 then 
preventing fu rth e r aggregation (Higgs e t al 1978).
Prostacyclin in h ib its  p la te le t aggregation by s tim u la ting  adenyl 
cyclase which leads to increased c y c lic  AMP leve ls  in  p la te le ts  
(Gorman e t al 1977). This d ire c t ly  opposes the action o f Thomboxane 
A2 which induces p la te le t aggregation but the mechanism which 
con tro ls  the balance o f haemostasis is  not ye t c lea r (Moncada & Vane
1978). P la te le t aggregation in  response to TxA2 may be mediated by 
increased cytoplasmic concentrations o f calcium fo llow ing i t s  release
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from vesicles and consequent in h ib it io n  o f c yc lic  AMP (Holmson & 
Karpatkin 1983).
2 .2 .i i  Physical fac to rs  in fluencing  p la te le t involvement 
in  thrombosis
Although thromboxane and prostacyclin  determine the biochemical 
basis fo r thrombosis, ce rta in  physical fac to rs  may produce the 
conditions which predispose to p la te le t in te ra c tio n  w ith the vessel 
w a ll. Increased blood ve lo c ity  w i l l  reduce the time ava ilab le  fo r  a 
p la te le t to adhere to an aggregating surface. A rte r ia l branch 
po in ts , stenoses and surgical anastomoses create turbulence which 
increases the c o ll is io n  rate o f p la te le ts  w ith the intim a in  selected 
areas. In a model measuring p la te le t deposition in  ra b b it aortas, 
reduced flow was associated w ith less p la te le t adhesion (Baumgertner 
1973) and subsequently higher blood ve lo c ity  and a r te r ia l wall shear 
stress were found to increase p la te le t deposition. Above a c r i t ic a l  
value o f shear s tress, p la te le t deposition decreased due e ith e r to 
the removal of p la te le ts  by high shear or inadequate time fo r  
p la te le ts  to bond to the endothelia l surface (T u r it to , Muggli & 
Baumgartner 1977).
Local occurence o f atherosclerosis may be linked  to the 
d if fe re n t ia l flow  patterns and shear stress a t the ca ro tid  
b ifu rc a tio n . The ca ro tid  bulb has been examined by hydrogen bubble 
v isu a lisa tio n  in  a glass model (Zarins, Giddens & Glagov 1982).
Rapid laminar flow  w ith high shear was seen on the inner wall o f the
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ca ro tid  bulb while on the outer wall there was an area o f flow  
separation w ith complex secondary and te r t ia ry  flow patterns.
Although stasis was not observed, th is  area of low shear was found to 
co rre la te  w ith the preference o f a therosc le ro tic  plaque fo r  th is  
region.
E le c tro s ta tic  charge may also prevent p la te le t adhesion as the 
in ta c t vascular intim a is  covered w ith  negatively charged 
proteoglycans. P la te le ts  carry a s im ila r negative charge but the 
importance o f th is  e le c tro s ta tic  repulsion between endothelium and 
p la te le ts  has never been adequately investigated (Wight 1980).
2.3 P late le t Inhibitory Compounds
Most p la te le t in h ib ito rs  act on the arachidonic acid  pathway or 
on ionophore production.
2 .3 . i Agents acting  on arachidonic acid metabolism
Drugs in te r fe r in g  w ith arachidonic acid metabolism prevent the 
production of TxA2 . They do not influence primary collagen or 
thrombin mediated aggregation but in h ib i t  the secondary aggregation 
caused by the release o f TxA£ from the alpha granules (Packham & 
Mustard 1980; Kelton & Hirsh 1981).
A sp irin  ir re v e rs ib ly  in h ib its  p la te le t cyclo-oxygenase by 
ace ty la tion  o f the ami no-terminal serine residue and th is  la s ts  fo r  
the l i f e  o f the p la te le t (Burch, Stanford & Majerus 1978).
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Cyclo-oxygenase in h ib it io n  in  the endothelium reduces the production 
o f prostacyclin  (Smith & W ill is  1971) and may diminish the p la te le t 
in h ib ito ry  e ffe c t when the compound is  used to prevent p la te le t-  
in tim a l in te rac tio n  on autologous vein g ra fts  and fo llow ing 
endarterectomy (Wu e t al 1981). This may be re flec ted  in the 
d if fe r in g  e ffe c ts  o f high and low dose a s p ir in . The increased 
bleeding time seen w ith low dose asp irin  (3-6 mg/kg) in  both rabb its  
and humans is  reversed by high doses (40-80 mg/kg) and may manifest a 
dose re la ted in h ib it io n  o f endothelia l cyclo-oxygenase w ith reduced
i
prostacyclin  production (O'Grady & Moncada 1978).
Cyclo-oxygenase is  also ir re v e rs ib ly  in h ib ite d  by other 
non-steroidal anti-inflam m atory drugs such as indomethacin, mefanoic 
acid and phenylbutazone while sulfinpyrazone is  a com petitive and 
revers ib le  in h ib ito r  o f p la te le t cyclo-oxygenase (Packham and Mustard 
1980; Kelton & Hirsh 1981).
The combined e ffe c t o f cyclo-oxygenase in h ib it io n  on thromboxane 
A2 production in  the p la te le t and prostacyclin  synthesis in  the 
endothelium has lead to the inves tiga tion  o f drugs which act 
s p e c if ic a lly  on thromboxane (Needleman e t al 1977). Dazoxiben, which 
blocks the conversion o f c y c lic  endoperoxides to TxA2 does not block 
the synthesis o f PGI2 in  endothelial c e lls  (Marcus e t al 1980), and a 
spe c ific  thromboxane A2 antagonist has been shown to  be e ffe c tiv e  in  
reducing p la te le t aggregation in  v it ro  to a thromboxane mimetic 
(Coleman e t al 1981).
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2 .3 .i i  Compounds th a t increase c y c lic  AMP leve ls
Prostaglandins increase the concentration o f PGI2 , Ei or °2 and 
cause p la te le t in h ib it io n  by s tim u la ting  adenylate cyclase. This 
produces c yc lic  AMP which lowers the concentration of calcium in  the 
cytoplasm (Gorman & Marcus 1981). In con trast to a s p ir in , which 
in h ib its  secondary p la te le t aggregation via arachidonic acid 
metabolism, increased c y c lic  AMP leve ls  in h ib i t  primary p la te le t 
adhesion and aggregation induced by ADP, adrenalin, thrombin and 
collagen.
Dipyridamole, one o f the pyrim ido-pyrim idine group, in h ib its  
phosphodiesterase and maintains high c y c lic  AMP leve ls  (M ills  & Smith 
1971). However the exact mechanism o f action is  not c lea r and 
in h ib it io n  o f thromboxane synthetase has also been proposed (A lly  e t 
al 1977). These compounds in h ib it  both primary and secondary 
p la te le t aggregation and high concentrations o f dipyridamole in h ib it  
p la te le t adhesion to in ju red  vessels (Eliasson & Bygdeman 1969;
Groves e t al 1982). These e ffe c ts  can be produced by a lower dose o f 
dipyridamole when used in combination w ith A sp irin  (Harker and 
S Iich te r 1972).
2 .3 .i i i  Compounds th a t in h ib it  membrane phopholipase a c t iv ity
Reduction in  the m obilisa tion  o f membrane phospholipids may be 
achieved by in h ib it io n  o f the membrane associated phospholipase 
complex. High doses o f co rticos te ro ids  and mepacrine act in  th is  way 
and thus block TxA£ synthesis (Packham & Mustard 1980).
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2 .3 .iv  Side e ffec ts  o f p la te le t in h ib ito ry  therapy
The combination o f asp irin  p iiis  dipyridamole or a sp irin  alone 
form the basis fo r  most regimens in  c lin ic a l practice as there is  
continuing debate as to the e ffica cy  o f dipyridamole alone (Eicher 
1984). A sp irin  is  associated w ith marked g a s tro in tes tin a l side 
e ffec ts  as seen in  a prospective t r ia l  o f an ti p la te le t therapy in  
2026 pa tien ts  (Persantin -Aspirin  R einfarction Study 1980). Eighteen 
percen t'o f pa tients treated w ith a sp irin  alone (lgm/day) reported 
symptoms suggestive o f peptic u lcer or g a s tr i t is  and th is  increased 
to 20% in  those receiving asp irin  and dipyridamole. Serious side 
e ffec ts  o f proven g a s tro - in te s tin a l bleeding were seen in  6.4% o f the 
treated pa tien ts . As the m a jo rity  o f pa tients require p la te le t 
in h ib ito ry  therapy in d e f in ite ly  there is  c le a rly  a need fo r  fu rth e r 
safe compounds to be developed and assessed.
2.4 Platelets in Atherogenesis
Early atherosclerosis has the appearance o f fa t ty  sub-intim al 
streaks which mature to the c lass ica l les ion o f raised f ib r io l ip id  
plaques, covered by large amounts o f connective tissue and smooth 
muscle c e lls  (Woolf 1982). The m igration o f smooth muscle c e lls  from 
the media and th e ir  p ro life ra t io n  in  the subintimal layers is  thought 
to in i t ia te  atherogenesis. This may be con tro lled  by a m ito tic  
fa c to r which is  released from the alpha granules o f activa ted 
p la te le ts  (Ross & Vogel 1978). This p ro te in , now known as p la te le t 
derived growth fa c to r (PDGF), is  released fo llow ing  aggregation 
induced by a ll s tim u li includ ing collagen, arachidonic acid and
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thrombin (Ross 1980; W itte e t al 1978). Macroscopic or microscopic 
endothelia l damage exposes the thrombogenic subendothelium which 
resu lts  in  p la te le t adhesion, release o f  p la te le t derived growth 
fa c to r and subsequently the p ro life ra t io n  o f smooth muscle. Repeated 
cycles o f endothelia l damage may therefore re s u lt in  smooth muscle 
p ro life ra t io n  and the development o f atherosclerosis (Ross & Glomset 
1973; Ross, Glomset & Harker 1977).
2.5 P la te le t Inhibition in Vascular Surgery
P la te le t in h ib ito ry  therapy is  ind icated in  patients where 
a r te r ia l thrombosis can be prevented by in h ib it io n  o f p la te le t 
function (Harker & S lic h te r 1972). C lin ic a lly ,  p la te le t in h ib ito ry  
therapy has been shown to  be o f value in  va lvu la r heart disease and 
patients w ith p rosthe tic  heart valves. In a prospective randomised 
double b lind  t r ia l  the number o f d is ta l emboli o r ig in a tin g  from 
replaced cardiac valves was reduced by p la te le t in h ib ito ry  therapy 
(S u llivan , Harker & G orlin 1968).
2.5.1 Cerebrovascular and cardiovascular disease
The influence o f p la te le t in h ib ito ry  therapy on tra n s ie n t 
cerebral ischaemic attacks and stroke was examined in  the Canadian 
Cooperative Study Group (1978). A sp irin  reduced the recurrence o f 
stroke or death in  men to 20% compared to 35% in  those receiv ing 
placebo (Persantin-Aspirin  R einfarction Study 1980).
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In a prospective m ulti centre t r ia l  invo lv ing  2026 pa tien ts  
fo llow ing  myocardial in fa rc t io n , asp irin  alone or in  combination w ith 
dipyridamole reduced the incidence o f non fa ta l re - in fa rc tio n  by 24% 
and cardiovascular m o rta lity  by 18% compared to placebo. The 
d iffe rence in  m o rta lity  fa ile d  to acheive s ign ificance . However i f  
th is  t r ia l  is  pooled w ith 5 s im ila r, la rge , prospective, randomised 
t r ia ls  (Elwood eta l 1974; Coronary Drug P ro ject Group 1976; Elwood & 
Sweetnam 1979; Breddin e t al 1979; A sp irin  Myocardial In fa rc tio n  
Study Reseach Group 1980) asp irin  s ig n if ic a n t ly  reduces the coronary 
m o rta lity  and the rate o f non fa ta l re in fa rc tio n  (Eichner 1984).
2 .5 . i i  A rte r ia l bypass
I t  is  w ith in  the realms o f vascular surgery th a t the 
manipulation o f p la te le ts  by in h ib ito ry  therapy may be o f most value. 
The three options in  vascular reconstruction involve e ith e r the 
im plantation o f p rosthe tic  g ra fts , the use o f autologous vein or the 
d is o b lite ra tio n  o f occlusive disease by endarterectomy. The present 
preference fo r autologous tissue in  vascular reconstruction is  due to  
the unsatis factory resu lts  obtained w ith e x is tin g  p rosthe tic  
m ateria ls (Weisel e t al 1981). Poor long term resu lts  in  femoro- 
pop litea l bypass w ith po ly te tra -fluo roe thy lene  (PTFE) or 
glutaraldehyde treated um bilica l vein have encouraged the use o f 
saphenous vein, in  e ith e r the reversed or in  s itu  pos ition  (V e ith , 
Gupta & Daly 1980; Dardik e t al 1982; Chapman & Charlesworth 1983).
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Despite poorer flow ch a ra c te ris tic s , g ra ft patency is  improved 
w ith vein and fa ilu re  o f p rosthe tic  m ateria ls has been a ttr ib u te d  to 
the absence of prostacyclin  secretion by the luminal surface (Clowes 
1986). The p la te le t deposition on venous g ra fts  is  less intense than 
on Dacron or PTFE (Goldman e t al 1982a). Although prosthe tic  g ra fts  
are well incorporated in to  the surrounding tissue , the luminal 
surface remains thrombogenic and a pseudointima o f p la te le ts  w ith  red 
c e lls  enmeshed in  f ib r in  is  formed (Yates e t al 1973). These 
surfaces read ily  accumulate c irc u la tin g  p la te le ts  and continued 
thrombogenicity has been demonstrated, using 111-Indium labe lled  
p la te le ts , up to 10 years a fte r  im plantation o f aorto-bifem oral 
g ra fts  (Goldman e t al 1982b).
P la te le t in h ib ito ry  therapy has been shown to  reduce p la te le t 
deposition and improve g ra ft patency in  Dacron vascular g ra fts  in  
baboon ca ro tid  a rte rie s  (Mackey e t al 1984). Intim al hyperplasia, 
which may re s u lt from p la te le t deposition, was reduced by p la te le t 
in h ib ito ry  therapy in  vein g ra fts  implanted in to  the i l ia c  a rte rie s  
o f rhesus monkeys (McCann, Hagen & 1980).
Asp irin  and dipyridamole improved patency in  2 placebo 
con tro lled  t r ia ls  o f coronary a rte ry  bypass g ra fts  (Cheseboro e t al 
1984; Lorenz, Schacky, Weber 1984). However there was no be n e fit 
from p la te le t in h ib it io n  in  a th ird  t r ia l  where a s p ir in , dipyridamole 
and w arfarin  were compared to w arfarin alone (Brooks e t al 1984).
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Improved patency w ith p la te le t in h ib ito ry  therapy in  femoro- 
pop litea l g ra fts  in patients (Green, Roedersheimer & DeWeese 1982) 
may be due to reduced p la te le t deposition on the luminal surface 
(Goldman e t al 1983a). This may prevent the anastomotic in tim a l 
hyperplasia which has been id e n tif ie d  in  both p rosthe tic  and venous 
g ra fts  (Echave e t al 1979; Kohler e t al 1984).
2 .5 . i  i  i Endarterectomy
Endarterectomy is  usually reserved fo r  short vascular 
reconstructions. In th is  procedure the intim a and atheroma are 
removed therefore exposing the a r te r ia l media to the c irc u la tin g  
blood. The smooth muscle and collagen o f the media are both potent 
ac tiva to rs  o f p la te le t aggregation and promote an intense thrombotic 
reaction s im ila r to th a t seen w ith a prosthesis (Thakur e t al 1976). 
However un like p rosthe tic  pseudointima, endarterectomy heals w ith 
ingrowth of fib ro b la s ts  and smooth muscle c e lls  to form a neointima. 
This surface appears to develop some secretory func tion , although 
true endothelium has not been found to regenerate (Reidy, Clowes & 
Schwartz 1983).
Despite the empirical use o f p la te le t in h ib ito ry  therapy a t the 
time o f ca ro tid  endarterectomy to prevent stroke (Edwards e t al 1985) 
and avoid restenosis (Ackroyd e t al 19865), p la te le t k in e tic s  have 
not been investigated during the early postoperative period. I t  is  
a t th is  stage th a t p la te le t accumulation on the endarterectomy 
segment is  l ik e ly  to be most intense.
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2.6 Pathogenesis of Intima! Hyperplasia
Intim a! hyperplasia has been described as in tim al f ib ro s is  
(Stoney & S tring  1976), myointimal f ib ro p la s ia  (Hertzer e t al 1979; 
Callow 1982) and myointimal hyperplasia (Thomas e t al 1984). I shall 
use the term in tim al hyperplasia to encompass a ll o f those above and 
to  describe the early  les ion o f restenosis a fte r  endarterectomy which 
is  d is t in c t  from recurrent atheroma (Stoney & S tring  1976). This 
should not be confused w ith  the pseudo-intimal l in in g  o f p rosthe tic  
g ra fts  which is  a laye r o f thrombus consisting o f f ib r in ,  p la te le ts  
and red blood c e lls  (Yates e t a l  1973).
The pathogenesis o f in tim al hyperplasia remains obscure. I t  
occurs to a degree in  a ll a r te r ia l vein g ra fts  and has been 
im plicated in a t leas t one th ird  o f a l l  la te  vein g ra ft  fa ilu re s  
(Imperato e t al 1972). I t  was o r ig in a lly  thought to be due to  a 
process o f a r te r ia lis a t io n  (Brody e t al 1977), however th is  
hypothesis became untenable w ith the discovery o f hyperplasia in  
rad ia l a rte ry  used fo r  aorto-coronary bypass (C u rtis , Stoney & A lfo rd  
1975). Ischaemia in  the wall o f the venous g ra ft (Brody e t al 1977) 
and turbulence causing abnormal shear in  the a r te r ia l wall were also 
suggested as possible mechanisms in  the development o f th is  
p ro life ra t iv e  lesion (Bond e t al 1976).
Intim al hyperplasia has commonly been found a t the s ite  o f the 
d is ta l anastamosis and the loca lised  nature o f th is  les ion suggests 
tha t haemodynamic disturbances may be responsible (Crawshaw e t al
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1980). Endothelial in ju ry , which occurs to some degree throughout 
vein g ra fts , whether in the reversed or in -s itu  p o s itio n , is  
especia lly  severe a t the s ite  o f anastomosis. Each o f these factors 
may contribu te  to in tim a l hyperplasia mediated by p la te le t adhesion 
and release o f PDGF (Bush e t al 1986).
Experimental endothelia l damage leads to p la te le t adherence to 
the exposed sub-intim al layers and degranulation (Crowely & Pierce
1981). Repeated in ju ry  causes smooth muscle p ro life ra t io n  and 
in tim a l hyperplasia (Stemerman & Ross 1972; Fisherman, Ryan & 
Karnovsky 1975; Carson, Equivel & French 1981). The involvement o f 
p la te le ts  in  th is  process is  suggested by prevention o f in tim a l 
p ro life ra t io n  by p la te le t in h ib it io n  using anti p la te le t serum (Moore 
e t al 1976) or drug therapy (Harker, Ross & Glomset 1974; McCann e t 
al 1980).
In ca ro tid  endarterectomy the ‘plane o f d issection involves the 
outer media w ith more than h a lf o f the thickness o f the a r te r ia l wall 
being removed. This leaves a c ircum ferentia l surface o f collagen and 
smooth muscle on which p la te le ts  w i l l  accumulate. P la te le ts  
adherence continues u n t il a new endothelia l layer is  generated and 
healing occurs (D irrenberger & Sundt 1978). This is  d i f f i c u l t  to 
measure in  humans (French & Rewcastle 1974), however ra t and ra b b it 
models show tha t th is  process is  probably complete by 30 days (Reidy 
e t al 1983). P la te le t aggregation w i l l  continue to stim ulate smooth 
muscle p ro life ra t io n  u n til th is  process is  complete. In terference
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w ith th is  repa ir process e ith e r by p la te le t in h ib it io n  or repeated 
in ju ry  could re s u lt in  fa ilu re  o f  the neointimal ingrowth, pe rs is ten t 
p la te le t deposition and promote fu rth e r in tim al hyperplasia.
2.6.1 P la te le t derived growth fa c to r
The growth promoting properties o f serum were f i r s t  id e n t if ie d  
by Carrel (1912) in  experiments on nu trien ts  required fo r  c e ll 
growth. In la te r  studies comparing plasma and serum as cu ltu re  
media, ce ll p ro life ra t io n  was in h ib ite d  in  media prepared from c e ll 
free plasma but accelerated growth rates were found fo llow ing  the 
add ition  o f serum (Balk e t al 1973).
Restoration o f c e llu la r  growth, fo llow ing the addition o f 
p la te le t ex trac t to plasma, confirmed tha t these factors were derived 
from p la te le ts  and subsequently i t  was shown tha t release occured on 
degranulation (Ross e t al 1974). This in a b i l i t y  o f c e lls  to  
re p lica te  in  plasma, w ithout the addition o f e ith e r whole blood serum 
or p la te le t e x tra c t, led to the inves tiga tion  and id e n t if ic a t io n  o f 
growth fac to rs . I t  was demonstrated tha t the antigenic properties o f 
whole blood serum growth fa c to r (Antoniades, Stathakos & Scher 1975) 
and p la te le t derived growth fac to r were s im ila r (Antoniades & Scher
1977).
Rutherford and Ross (1976) showed tha t other constituents 
present in  plasma were important fo r  ce ll growth, in  add ition  to  the 
growth facto rs derived from p la te le ts . Despite optimal leve ls  o f
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p la te le t fac to rs , the process o f ce ll growth in  cu ltu re  progressed 
only as fa r as a s ing le c e ll d iv is ion  i f  low concentrations o f plasma 
were used (Ross & Vogel 1978).
P la te le t derived growth fac to r (PDGF) is  thought to be a heat 
stable p ro te in , o f  approximately 30,000 molecular w e igh t/w h ich  can 
be iso la ted  by radio-immuno assay (Antoniades & Scher 1977). More 
recently  other growth fa c to rs , such as epidermal growth fa c to r and 
transform ing growth fa c to r, have been loca lised  in  p la te le ts  although 
these are thought to  be inac tive  on the endothelia l c e l l •(Bowen-Pope, 
Ross & S e ife r t 1985). Vascular endothelia l c e ll p ro life ra t in g  fa c to r 
(VEPF) has also been described as a separate polypeptide which 
stim ulates endothelia l c e ll growth (Miyazono e t al 1985) but fu rth e r 
inves tiga tion  is  required to evaluate the e ffec ts  o f these substances 
in  is o la tio n  and combination. For the purpose o f th is  thesis i t  is  
appropriate to regard p la te le t derived growth fa c to r a c t iv ity  to be 
due to a co lle c tio n  o f PDGF l ik e  molecules as suggested by Bowen-Pope 
e t al (1985).
Burke & Ross (1977) investigated the e ffe c t o f PDGF on the 
connective tissues o f the a r te r ia l w a ll. On exposure to th is  
substance there was an increase in  prote in  synthesis w ith s tim u la tion  
o f collagen production in  a r te r ia l smooth muscle c e lls .  This e ffe c t 
fo llow s the binding o f PDGF to a ce ll surface glycoprotein which 
tr ig ge rs  a sequence o f c e llu la r  events (Ross e t al 1984). Binding 
occurs only to connective tissue , inc lud ing vascular smooth muscle
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c e lls  and not to e p ith e lia l,  skele ta l muscle or nerve c e lls  (Bowen- 
Pope e t al 1985). I n i t i a l l y  the receptor undergoes phosphorylation 
which resu lts  in DNA synthesis leading to m itos is . Other detectable 
e ffec ts  o f PDGF binding include increased prote in  and RNA synthesis 
(Ross e t al 1984).
The extrapo la tion  o f experimental work on PDGF performed in  c e ll 
cu ltu re  to in  vivo evaluation remains unsatis factory (Ross & Vogel
1978). Serum is  a pathological ra ther than a physio logica l substance 
and i t s  use in  c e ll cu ltu re  is  probably analogous to  the in  vivo 
conditions seen in  tissue in ju ry  or thrombosis. Normally vascular 
endothelia l c e lls  are exposed only to in te r s t i t ia l  f lu id  or plasma. 
Radio labelling o f PDGF w ith 0dine has improved understanding of 
these polypeptides by demonstrating receptor s ites  in  c e ll cu ltu re  
and the technique may be applicable to in vivo inves tiga tio n  (Bowen- 
Pope e t al 1985).
The response to in ju ry  w ith ce ll p ro life ra t io n , connective 
tissue formation and scarring may in  some degree be mediated by the 
substances found in  serum. S im ila rly  there are ind ica tions th a t 
c e llu la r  d iv is io n  in  the reparative response to in ju ry  may be 
con tro lled  by p la te le t derived growth fa c to rs . This would encourage 
speculation th a t p la te le ts  are involved in  the contro l o f c e ll growth 
and and could be a fa c to r in  the aetio logy o f atherogenesis 
(Kinlough-Rathbone, Packham & Mustard 1983).
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In summary, p la te le t derived growth fa c to r has been id e n tif ie d  
as a low molecular weight polypeptide which is  released from 
p la te le ts  on aggregation. In the presence o f plasma th is  fa c to r 
stim ulates c e llu la r  growth by DNA and prote in synthesis and causes 
a r te r ia l smooth muscle p ro lite ra t io n . In order to assess the e ffe c t 
o f p la te le t deposition on areas o f damaged a r te r ia l endothelium in  
pa tien ts , a simple, low m orbid ity method o f id e n tify in g  loca l 
p la te le t a c t iv ity  is  required.
2.7 The Measurement of Local P late le t Deposition
I n i t i a l l y  p la te le ts  labe lled  w ith Chromium^! were used to 
measure p la te le t surviva l (Aas & Gardiner 1958), however the low 
gamma emissions precluded the use o f SlCr labe lled  p la te le ts  fo r  
external scintographic detection. When the method o f la b e llin g  
p la te le ts  w ith m In d iu m  was described, a new f ie ld  o f rad io-iso tope 
imaging was opened (Thakur e t al 1976). Experimental models were 
developed to assess the use of l ^ I n  p la te le ts  in  lo c a lis in g  
thrombotic processes and were applied f i r s t  to pulmonary emboli and 
in fe c tiv e  endocarditis (Mcllmoyle e t al 1977; Dewanjee e t al 1978). 
Subsequently loca lised  p la te le t uptake was diagnosed by sc in tig rap h ic  
imaging in  3 pa tients w ith atherosclerosis and venous thrombosis 
(Davis e t al 1978).
These gamma camera techniques are applicable to the 
inves tiga tion  o f p la te le t accumulation in  vascular g ra fts . Following 
a o r to ilia c  replacement, postoperative p la te le t deposition was found
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to  be high in i t i a l l y  but decreased as fu rth e r studies were performed 
up to  a year a fte r  im plantation (Goldman e t al 1982b). Even mature 
g ra fts  have been found to accumulate rad io labe lled  p la te le ts  on gamma 
scans 1 0  years a fte r  im planta tion, w ith greatest thrombogenicity a t 
the s ites  o f a r te r ia l anastamosis (S tra tton , Theile & R itch ie  1982; 
Goldman e t al 1982b).
S im ila rly  p ros the tic  fem oro-popliteal bypass g ra fts  showed an 
intense luminal ra d io a c tiv ity  fo llow ing the in je c tio n  o f rad io­
lab e lled  p la te le ts , but minimal deposition was detected in  vein 
bypasses (Goldman e t al 1982a). The use o f rad io labe lled  p la te le ts  
has also been established in assessing the e ffica cy  o f p la te le t 
in h ib ito ry  drugs in  preventing g ra ft p la te le t in te ra c tio n  in  
labora tory experiments or in animals (McCollum e t al 1980). A 
reduction in  p la te le t accumulation on 10 year old mature Dacron 
aorto-bifemoral g ra fts  occured in  patients treated with a thromboxane 
antagonist (Lane e t al 1985).
Carotid a rte ry  atherosclerosis was f i r s t  id e n tif ie d  by isotope 
imaging o f p la te le ts  in  1978 (Davis e t al 1978). In con trast to  
angiography which demonstrates the a r te r ia l lumen, scintography 
detects the s ite  o f p la te le t accumulation on a the rosc le ro tic  plaque 
which may be a source o f thrombotic emboli (Davis e t al 1980, Powers 
1984). The d ire c t co rre la tio n  between gamma imaging and m in  
p la te le t deposition was demonstrated by excision o f the ca ro tid  
plaque (Goldman e t al 1983b). Ex vivo measurement o f U l ln  p la te le ts
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on the ca ro tid  plaque showed th a t areas o f atheromatous u lce ra tion  
represent the most thrombogenic lesions and accumulate s u ff ic ie n t 
labe lled  p la te le ts  to be detected by external imaging.
Radiolabelled p la te le t accumulation fo llow ing  endarterectomy has 
been described in  dogs and was re la ted to in tim a l healing (Lusby e t 
al 1983). In pa tients postoperative accumulation, id e n tif ie d  by 
gamma camera imaging fo llow ing  ca ro tid  endarterectomy, was found to 
be s ig n if ic a n tly  higher a fte r  endarterectomy than a fte r  other s im ila r 
surgical d issections (S tra tton , Z ie le r & Kazmers 1987). This 
technique may provide inform ation on the duration o f p la te le t 
accumulation, re fle c tin g  healing, and provide a d ire c t measurement o f 
the e ffe c t o f p la te le t in h ib ito ry  drugs on p la te le t thrombus in  
pa tien ts .
S cin tig raph ic  imaging w ith U l l r i  labe lled  p la te le ts  in  the neck 
is  often poor because o f high background a c t iv ity  from blood pool. 
Dual isotope subtraction techniques have been tr ie d  but numbers 
studied remain small (Kessler, Reuther & Rosch 1984; Isaka e t al 
1984).
2.8 Summary
P la te le ts  are known to play a major ro le  in  the mechanisms o f 
normal thrombosis and haemostasis. The ac tiva tion  o f th is  mechanism 
depends on the balance o f thromboxane and p rostacyc lin , both o f which 
are derived from the same precursor, arachidonic acid . P la te le t
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in h ib it io n  e ffe c t iv e ly  improves the patency o f vascular g ra fts  and 
lowers m orbid ity from cardiovascular disease.
There is  evidence which suggests th a t p la te le t in te rac tio n  w ith 
the tissues in  the subendothelium may be a fa c to r in  the development 
o f the smooth muscle p ro life ra t io n  which causes in tim al hyperplasia. 
The id e n tif ic a t io n  o f p la te le t derived growth facto rs  support th is  
theory and futhermore these substances may be involved in  the 
pathogenesis o f a therosc leros is .
To investiga te  the ro le  o f p la te le ts  in  ca ro tid  restenosis a 
re lia b le  method o f measuring in  vivo p la te le t accumulation is  
required such th a t the in te n s ity , duration and response to 
therapeutic manipulations can be measured. The la b e llin g  o f 
autologous p la te le ts  w ith U llnd ium  and gamma camera imaging has 
detected p la te le t deposition on a the rosc le ro tic  plaque and loca lise d  
p la te le t accumulation a fte r  endarterectomy. These techniques may be 
applicable to the study o f p la te le ts  in  the response to 
endarterectomy and to investiga te  the re la tion sh ip  between p la te le t 
accumulation and the development o f in tim a l hyperplasia.
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Chapter 3
Hypothesis and Aims
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3.1 Hypothesis
The hypothesis which w i l l  be investigated in th is  thesis is  tha t 
p la te le ts  accumulate on the a r te r ia l wall a t the s ite  o f endothelia l 
damage in rabb its  or surgical endarterectomy in  pa tien ts . This 
deposition o f p la te le ts  may be id e n tif ie d  and quan tified  by the 
external detection o f autologous p la te le ts  labe lled  w ith m Ind ium  
oxine. Futhermore these techniques may detect changes in  the 
in te n s ity  o f p la te le t deposition in response to pharmacological 
in h ib it io n  o f p la te le t function or changes in  the a r te r ia l 
con figura tion  fo llow ing  vascular re p a ir. P la te le t-vesse l wall 
in te ra c tio n  may be a fa c to r in  the development o f in tim a l hyperplasia 
and the measurement o f postoperative rad io labe lled  p la te le t 
deposition may be used to investiga te  the re la tionsh ip  between 
p la te le t accumulation and the subsequent development o f restenosis.
3.2 Aims
1 . To id e n tify  and measure p la te le t uptake fo llow ing  ca ro tid  
endarterectomy and to determine the duration o f p la te le t 
accumulation on the endarterectomised segment.
2. To id e n t ify  the fac to rs  which influence the rate or extent o f 
p la te le t deposition fo llow ing ca ro tid  endarterectomy.
3. To study the incidence o f restenosis fo llow ing  ca ro tid  
endarterectomy by non-invasive methods.
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4 . To determine whether p la te le t uptake fo llow ing  ca ro tid
endarterectomy influences the rate o f subsequent restenosis.
3.3 . Summary of experiments
Radiolabelled p la te le t deposition was i n i t i a l l y  studied 
fo llow ing  in tim a l trauma on the ca ro tid  a rte rie s  o f ra bb its . The 
deposition o f H^-In labe lled  p la te le ts  was measured and the e ffe c ts  
of p la te le t in h ib ito ry  therapy assessed.
U l ln  p la te le t uptake was then measured in  human ca ro tid  
a rte rie s  both in  the early postoperative period fo llow ing 
endarterectomy and a t 2 months to assess the time taken to  achieve 
in tim a l re p ia r. Two methods o f measuring p la te le t accumulation were 
considered and the e ffica cy  o f probe counting and gamma camera 
imaging compared.
Postoperative p la te le t deposition was measured in  pa tien ts 
receiving asp irin  plus dipyridamole, to  assess the e ffe c ts  o f 
p la te le t in h ib ito ry  therapy, and compared to untreated con tro ls . 
Subsequently p la te le t uptake fo llow ing  patch angioplasty re pa ir o f 
the arteriotom y was compared to tha t a fte r  standard closure.
In order to determine the ove ra ll incidence o f ca ro tid  
restenosis fo llow ing  endarterectomy, a re trospective  study o f a 
consecutive series o f patients was ca rried  out. Non-invasive methods 
were used to assess the degree o f ca ro tid  a rte ry  restenosis fo llo w ing
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surgery. The re la tion sh ip  between ca ro tid  restenosis and the 
recurrence o f symptoms o f cerebrovascular in su ffic ie n cy  was 
investiga ted.
The rate o f rad io labe lled  p la te le t deposition on the 
endarterectomised ca ro tid  a rte ry , measured as Thrombogenicity Index, 
was then compared to the degree o f luminal narrowing assessed by 
Duplex ultrasound, 12 months a fte r  surgery.
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SECTION II RADIOLABELLED PLATELET UPTAKE IN THE CAROTID
ARTERY AND FACTORS INFLUENCING THROMBOGENICITY
Chapter 4
^ ^ In -p la te le t Methods for Measuring P late let Uptake 
following Carotid Endarterectomy
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4.1 Introduction
The method o f la b e llin g  human p la te le ts  w ith ^ In d iu m  oxine is  
applicable to  several o f the studies in  th is  th e s is . These 
techniques are described in  de ta il in  th is  chapter whereas 
experimental methods appropriate to  a s ing le  study w i l l  be found in  
the re levant section.
4.2 Development of Radiolabelled P late let Methods
P la te le ts  have been labe lled  in  v ivo  w ith 35$_$0dium sulphate,
75se-selenomethionine, 3!)S-methionine, 14c-seratonin and
32p_di-isopropylfluorophosphate, however these are non-specific  
markers (Thakur e t al 1976). I t  was not u n t il 1958 th a t re lia b le  
radionucleotide la b e llin g  w ith ^lcr-sodium chromate was performed 
allowing in  v ivo  p la te le t l i f e  span to  be calcu la ted (Aas & Gardner 
1958). These techniques were re s tr ic t iv e  as poor la b e llin g  
e ff ic ie n c ie s  w ith ^^-Cr required a large volume o f blood to  harvest 
s u ff ic ie n t p la te le ts  (Abrahamsen 1968). The major disadvantage 
however was the low power gamma emmission w ith ^ C r  o f 9% a t 320kev 
which prevented the use o f external imaging devices such as the gamma 
camera. In 1976, Thakur described a method o f la b e llin g  human 
p la te le ts  using ^ In d iu m  chelated w ith 8 -hydroxyquinalone (oxine) 
and also demonstrated th a t the in  v i t r o  collagen induced aggregation 
o f U l ln  labe lled  p la te le ts  was unaffected by ra d io !a be lling  (Thakur 
e t al 1976). This contrasts to  5*Cr la b e llin g  which adversely 
a lte red  p la te le t function (Kattlove & Spaet 1970). A d d itio a lly  
^ -In d iu m  is  ideal fo r  short term in  v ivo  p la te le t s tud ies, w ith  a
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h a lf l i f e  o f 2.81 days and the high gamma photon energies o f 84% a t 
173 kev and 94% a t 247 kev allow external detection o f lab e lled  
p la te le ts .
J o is t confirmed th a t the ^ In d iu m  label in  humans was bound to 
non-releasable components o f p la te le ts  and less than 4% o f the label 
was lo s t  from the c e lls  on exposure to aggregating agents (J o is t e t 
al 1978). Radionucleotide uptake was fa r  superior using ^ In d iu m  
w ith 90% o f the label taken up by the p la te le ts  in  15 minutes 
incubation whereas 51cr reached only 15% uptake by 30 minutes. The 
method o f is o la tio n  o f p la te le ts  was c r i t ic a l  as the isotope was 
bound av id ly  by both red c e lls  and tra n s fe rr in  and the presence o f 
small amounts o f e ith e r o f these markedly reduced the la b e llin g  
e ffic ie n c y  o f l ^ I n  oxine onto p la te le ts  (Thakur, Coleman & Welch 
1977). Refinement o f th is  technique leading to  improved p la te le t 
y ie ld  confirmed th a t lin e a r p la te le t surviva l was compatible w ith 
values achieved using ^ C r  la b e llin g . In v ivo  d is tr ib u tio n  by whole 
body counting and s c in t i l la t io n  camera showed marked uptake in  the 
l iv e r  and spleen as sequestration o f p la te le ts  occured, but low 
ra d io a c tiv ity  in  the limbs suggested th a t p la te le ts  did not 
accumulate or in te ra c t w ith the peripheral vasculature in  normal 
subjects (Heyns e t al 1980).
In view o f the large volume of blood required and the poor 
la b e llin g  e ff ic ie n c ie s  o f Thakur's method, Hawker developed a 
technique in  which p la te le ts  were lab e lled  w h ils t suspended in
81
Tyrode's so lu tion  (Hawker, Hawker & Wilkinson 1980). Successful 
H I  In la b e llin g  was effected w ith p la te le ts  from 26mls o f blood w ith 
e ff ic ie n c ie s  o f 90% a fte r  only 60 seconds incubation. P la te le t 
aggregation responses in  healthy volunteers were compatible w ith  
previously reported values using ^^Cr. This method has been used fo r  
a ll l^ In - p la t e le t  la b e llin g  procedures described in  th is  th e s is .
4.3 Labelling Platelets with ^-Indium Oxine
4 .3 .i Chemical reagents
A ll reagents were prepared in  the Pharmacy, Charing Cross 
H osp ita l. Chemicals were obtained from B r it is h  Drug Houses (Poole, 
Dorset, UK) unless otherwise stated. P las tic  containers were used 
fo r  handling a l l  specimens.
Acid sodium c itra te
Ind iv idua l 3ml v ia ls  o f a so lu tion  o f 2.5g trisodium  c it ra te  
2H£0 and 1.49g c i t r i c  acid H2 O in  lOOmls o f water were prepared. The 
re su ltan t pH o f the anticoagulant was measured to  be 6.5.
Sodium c itra te
3.85g trisodium  c it ra te  2H2 O were dissolved in  100ml water and 
divided in to  lml a liqu o ts .
Calcium-free Tyrodes solution (buffer)
The fo llow ing were dissolved in  1 l i t r e  o f water:
Sodium ch lo ride  8 g
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Potassium ch loride 0.2g
Sodium bicarbonate l.Og
Sodium dihydrogen orthophosphate 2 H2 O 50mg
Magnesium ch loride 6H2O 406.6mg
D-glucose lg
Sodium heparinate 25000 un its
Carbon dioxide was bubbled in to  the so lu tion  u n t il the pH recorded*
was 6.5 . Ampoules containing 20cc o f Tyrode's bu ffe r so lu tion  were
prepared.
Prostaglandin El (PGEi)
One m illig ram  o f PGE]_ (Sigma Chemical Company Ltd, Poole, 
England) was dissolved in  Tyrodes bu ffe r to  produce a concentration 
o f 300 nanograms/ml. A liquots o f 0.5mls were freeze dried in  a 
dessicator (Edwards EF03, Crawley, Sussex).
4 .3 . i  i Method
Twenty s ix  m i l l i l i t r e s  o f blood was obtained by venepuncture 
using an 18 gauge needle and p la s tic  syringe (Fig 4 .1 ). A ll 
subsequent manipulations were performed in  a class I I  un id irec tio na l 
laminar down flow cabinet (20229, M icroflow, Dent & H ellyer L td ., 
Andover, Hampshire).
a. Seventeen m i l l i l i t r e s  o f blood were added to  3ml o f acid c it ra te  
in  a s te r i le  universal container (S te r i! in  128/B, Teddington,
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1 1 1 .Figure 4.1 Method of labelling human platelets with Indium 
Oxine.
Middx). The remaining 9ml o f blood were added to  1ml o f trisodium  
c it ra te  in  a s te r i le  round bottomed tube (S te r i l in  142/AS).
b. Following m ixing, both tubes were centrifuged a t 200g fo r  ten 
minutes to generate p la te le t rich  plasma (PRP).
c . A sample o f c itra te d  PRP was retained fo r  aggregation studies and 
the remainder centrifuged at lOOOg fo r  ten minutes to produce 
c itra te d  p la te le t poor plasma (PPP).
d. Using a Pasteur p ippe tte , the supernatant acid c itra te d  p la te le t 
r ic h  plasma was transfe rred  to  a round bottomed tube. One freeze 
dried a liq u o t o f PGEi was dissolved in  1ml o f water and 400ul mixed 
w ith 20ml o f bu ffe r a t 37°C. This PGEi/buffer so lu tion  was passed 
through a 0.22um Mi 11 ex f i l t e r  u n it (Mi 11ipore SLGV 025BS, 67 
Molsheim-France) and added to  the acid c itra te d  PRP to  bring the 
volume to  ten m i l l i l i t r e s .
e. The p la te le t suspension was centrifuged a t 640g fo r ten minutes 
producing a p la te le t p e lle t and the supernatant was re ta ined. The 
p e lle t  was then washed tw ice w ith 2.5mls PGEi/buffer and the 
p la te le ts  were resuspended in  a fu rth e r 2.5mls o f PGEl/buffer 
so lu tio n .
f .  A m ixture o f 200uCi o f ^ In d iu m  oxine in  sa line  and 0.2mls o f  
0.2M Tri.s b u ffe r (ph 8 .0 , M allinekrodt Diagnostica BV, Petten,
84
Holland) was added to  the p la te le t suspension and incubated a t 37°C 
fo r 60 seconds. The la b e llin g  reaction was stopped a fte r  one minute 
by the add ition  o f 7.5mls o f the previously obtained d ilu te d  
supernatant. The remaining free Indium oxine is  in s ta n tly  bound to  
the plasma tra n s fe rr in .
g. The mixture was centrifuged a t 640g fo r  10 minutes and the 
supernatant removed. The rad io labe lled  p la te le ts  were resuspended in  
4mls c itra te d  p la te le t poor plasma and the ra d io a c tiv ity  o f the 
^ In d iu m  labe lled  p la te le ts  and supernatant assessed in  a well 
c rys ta l and ratemeter (Nuclear Enterprises SR-7 ratemeter/DMI-2 
s c in t i l la t io n  counter). Labelling e ff ic ie n c y  was expressed as the 
ra t io  ofthe ra d io a c tiv ity  o f p la te le ts  compared to  tha t o f the 
supernatant and p la te le ts . Preparations w ith la b e llin g  e ff ic ie n c ie s  
o f less than 90% were discarded.
P rio r to  re in je c tio n  o f the resuspended p la te le ts  two lOOul 
samples were separated fo r  aerobic and anaerobic bac te rio log ica l 
cu ltu re  and 0.5ml fo r  aggregation assessment. Only p la te le ts  which 
demonstrated aggregation in  response to  ADP were re in jec ted  in to  the 
p a tie n t. The ra d io la b e llin g  procedure, from venesection u n t il 
re in je c tio n , takes approximately 60 minutes.
4 .3 . i i i  E thical Consideration
At a dose o f 200uCi o f ^ In d iu m  oxine, the to ta l ra d ia tio n  to  
the c r i t ic a l  organ, the spleen, is  approximately 2.7 rads and w ith in
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the gu idelines fo r  category 2 research pro jects invo lv ing  ir ra d ia t io n  
o f human beings, as specified  by the World Health Organisation Expert 
Committee (1977). W ritten consent was obtained from a ll  pa tients 
involved in  the studies as recommended by the Department o f Health 
and Social Security (Health C ircu la r 1979) and the experimental 
design was approved by Charing Cross Hosptial E th ica l Subcommittee.
4.4 l l l ln -p la te le t  Function in Vitro
In v i t r o  p la te le t function was assessed by aggregation in  a 
p la te le t suspension stim ulated by adenosine diphosphate (ADP) 
measured by l ig h t  transmission aggregometry (Born 1962). In 
p r in c ip le  the proportion o f l ig h t  transm itted through the p la te le t 
preparation increases w ith  aggregation and th is  change was detected 
by a pho toe lec tric  c e ll and potentiometer (Weiss 1976).
Twenty-five m ic ro litre s  o f a 1:100,000 so lu tion  o f ADP was added 
to  250ul o f p la te le t r ic h  plasma in a l ig h t  transmission aggregometer 
(Payton Single Channel 300B/5, Payton Associates Ltd , Scarborough, 
Canada) connected to  a potentiometer chart recorder (Serbo Scribe IS, 
Smiths Industries) running a t 60mm/minute. The temperature o f the 
p la te le t suspension was maintained a t 37°C. The maximum aggregation 
response and the rate o f aggregation can be calcu lated fo r  each 
sample from the trace obtained (Fig 4 .2 ).
In these studies p la te le t aggregation reponses were used to  
ensure the v ia b l i t y  o f labe lled  p la te le ts  by comparing them to
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Figure 4.2 Light transmission aggregometry. Following the
addition of ADP, platelets undergo aggregation and 
clumping so light transmission through the 
suspension is improved.
unlabel led p la te le ts . P la te le t preparations showing inadequate ADP 
aggregation responses were discarded.
4.5 P late le t Survival
P la te le t surv iva l may be estimated by lin e a r regression, 
exponential analysis or m u ltip le  h i t  methods depending on the theory 
o f p la te le t destruction (Mustard, Rowsell & Murphy 1966). This can 
be e ith e r age re la ted  ( l in e a r) ,  ind iscim inate (exponential) o r a  
process o f cumulative ageing (m u ltip le  h i t )  (Murphy & Francis 1971). 
C alcula tion o f the mean p la te le t l i f e  span is  based on the 
measurement of the rate o f decrease o f blood ra d io a c tiv ity , a fte r  
correction  fo r  radioisotope decay as suggested by the Panel on 
Diagnostic A pp lica tion  o f  Radioisotopes in  Haematology (1977).
4.6 Measurement of Radioactivity in Carotid Arteries
In v ivo  tissue and vessel ra d io a c tiv ity  may be assessed by 
e ith e r s c in t i l la t io n  probe counting or gamma camera imaging.
Radi o labelled p la te le t uptake was assessed by each o f these methods 2 
hours fo llow ing the in je c tio n  o f rad io labe lled  p la te le ts  and 
subsequently a t 24 and 48 hours.
4 .6 . i  S c in t i l la t io n  probe counting
A sodium iodide crys ta l (Eberline Instrument Co. RD-19 Crawley, 
U.K.) was used to assess gamma counts, co llim ated w ith a lead sheath 
o f 6mm thickness to reduce uptake o f scattered ra d io a c tiv ity  from the 
background. In order to  focus the sodium iodide crysta l on the
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ca ro tid  a rte ry , approxiamtely 2cm deep to the sk in , a lead co llim a to r 
was f i t t e d  to  reduce the penumbra w ith a skin contact probe to  ensure 
the c rys ta l was s itua ted lOcms from the a rte ry  (Fig 4 .3 ). This 
counter was connected to a rate meter (E rb line Instrument Company 
SAM-2, Crawley U .K .), which was gated to count both peaks o f 
lU lnd ium  a c t iv ity  at 173 and 247 kev. In each p a tie n t, p r io r  to  the 
assessment o f ra d io a c tiv ity  the surface markings o f the ca ro tid  
b ifu rca tio n  and the in te rna l ca ro tid  a rte ry  were mapped by Doppler 
ultrasound. The probe pos ition  was marked on the f i r s t  day to  ensure 
ide n tica l probe geometry fo r each subsequent d a ily  measurement. 
Patients were seated in  a spec ia lly  designed cha ir w ith the head held 
steady by a head re s t and restra in ing  lea ther strap (P late 2 .1 ). 
Counting was performed in  the uprigh t p o s ition  to  minimise the 
ra d io a c tiv ity  from c irc u la tin g  p la te le ts  in  venous blood, pooling in  
the great veins o f the neck. Comparative reference readings were 
taken from the con tra la te ra l ca ro tid  a rte ry  and in  add ition  from the 
forearm.
I n i t ia l l y  2 measurements of ra d io a c tiv ity  were taken from each 
probe pos ition  over a 30 second period and were recorded. I f  the 
d iffe rence between these 2 readings was greater than 10 percent, 2 
fu rth e r measurements were recorded. The average counts over 30 
seconds was calcu lated from these measurements and fo llow ing 
subtraction o f background a c t iv i ty ,  used fo r  ca lcu la tion  o f Carotid 
Uptake Ratio and Thrombogenicity Index.
R atem eter
Photomultiplier
Tube
6mm Lead
Sodium Iodide  
C rystal
Focusing Collimator
O b ject Vessel
Figure U. 3 The sodium iodide crystal was fitted with a focusing 
collimator to reduce background activity recorded 
from the surrounding tissue.
4 .6 . i i  Gamma Camera Imaging
Immediately fo llow ing s c in t i la t io n  probe counting, pa tien ts  were 
transfered fo r  gamma camera imaging. A S cin tron ix  LFOV (large f ie ld  
o f view) gamma camera was f i t te d  w ith a medium energy p a ra lle l hole 
c o llim a to r and connected to  a computer, gated to record both peaks o f 
Indium a c t iv i ty .  Patients were scanned fo r 10 minutes, again s it t in g  
up righ t, w ith  the head and neck immobilised by a res tra in ing  strap 
(Plate 2 .2 ).
Gamma images were stored by computer and the data re trieve d  fo r 
analysis (P late 2 .3 ). Computed areas o f in te re s t were ou tlined  over 
the operated a rte ry  comprising between 12 and 24 gamma camera c e lls  
and the ra d io a c tiv ity  from th is  area was expressed as counts per 
gamma camera ce ll or p ixce l. A s im ila r area o f in te re s t was ou tlined  
over the non operated ca ro tid  and was used as a reference fo r  
subsequent ca lcu la tion  o f ca ro tid  p la te le t accumulation (P late 2 .4 ).
4.7 ll^ In -p la te le t Accumulation in Carotid Arteries
Following the in je c tio n  o f rad io labe lled  p la te le ts  the decline 
in  blood ra d io a c tiv ity  w i l l  depend on 2 fac to rs , the decay constant 
o f the isotope used and the rate o f e lim ina tion  o f p la te le ts  from the 
c irc u la t io n . A s ite  o f p la te le t accumulation may, in  absolute va lue, 
become less rad ioac tive , however the ra d io a c tiv ity  w i l l  appear to 
increase when compared a reference s ite  which represents 
predominantly blood pool. This is  the theory on which the 
determination o f accumulation o f p la te le ts  in  blood vessels is  based
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Plate 2
2.1 Probe counting using a sodium iodide crystal and rate meter. 
Each carotid and reference area is counted over 30 seconds 
to measure radioactivity. Surface markings of the carotid 
bifurcation are mapped out and used at each daily measurement 
to ensure identical probe geometry.
2 .2 . Gamma images were obtained on three consecutive days. Each 
scan takes 10 minutes to accrue and therefore the patient's 
head is supported by a headrest and strap.
1112.3 Gamma scan following the injection of In labelled platelets. 
This demonstrates the head and neck with radioactivity seen 
in the regions of the aortic arch and cavernous sinus. 
Increased uptake is noted on the left side of the neck which 
corresponds to the carotid endarterectomy performed 72 hours 
previously.
2.4 Areas of interest are outlined over the site of endarterectomy 
and over the contralateral carotid a rte ry . The radioactivity 
measured in this area, expressed as counts per gamma camera 
cell, is used to calculate Carotid Uptake Ratio and 
Thrombogenicity Index.
2.5 Gamma image of a patient taken 2 months after surgery. 
Increased radioactivity is seen over the right carotid 
artery which corresponds to a 50% stenosis of the ICA. This 
patient had undergone a left carotid endarterectomy.
2.6 B-mode ultrasound image of the common carotid artery after 
endarterectomy. This vessel is widely patent without 
evidence of intimal hyperplasia.
2.7 Considerable thickening of the intima is seen in this common 
carotid artery  following surgery. This represents mixed 
echoes but there is no acoustic shadowing which would 
suggest calcification.
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and was in i t i a l l y  described to  assess p la te le t uptake in  prosthe tic  
fem oro-popliteal g ra fts  by deriv ing Thrombogenicity Index (Goldman e t 
al 1982a).
4.7 . i  Carotid Uptake Ratio
P la te le t accumulation measured by e ith e r probe counting or gamma 
camera imaging is  expressed as counts per second or counts per p ixe l 
respective ly . A ra t io  is  calcualted by d iv id ing  the counts from a 
s ite  o f p la te le t accumulation w ith the counts from the reference 
area. In th is  work the ra d io a c tiv ity  from the endarterectomised 
ca ro tid  is  compared to  the con tra la te ra l reference a rte ry  to  derive 
the Carotid Uptake Ratio (CUR). Carotid Uptake Ratio values o f 
greater than 1.0 demonstrate increased ra d io a c tiv ity  in  th a t area o f 
in te re s t over the operated ca ro tid  and represent the deposition o f 
rad io labe lled  p la te le ts  a t th a t s ite .  A ll values o f CUR quoted in  
th is  thesis are calcu la ted from data recorded 24 hours a fte r  the 
in fus ion  o f rad io labe lled  p la te le ts .
4 .7 . i i  Thombogenicity Index
Carotid Uptake Ratio, calcu lated from counts derived from gamma 
camera or probe counting, represents a s ta t ic  comparison o f the 
ra d io a c tiv ity  from the operated to reference a rte ry  a t e ith e r 2, 24 
or 48 hours a fte r  the in je c t io n  o f rad io labe lled  p la te le ts . Early 
scans re f le c t predominently blood pool, but as p la te le ts  accumulate 
a t the s ite  o f endarterectomy, ra d io a c tiv ity  in  th is  region becomes 
progressively greater compared to reference. By p lo tt in g  the ra t io ,
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recorded on each day o f the study, against time the lin e  o f best f i t  
through these points can be calculated by lin e a r regression. The 
slope o f th is  regression l in e ,  which represents the increase in  th is  
ra t io  over the 3 days o f each study, re fle c ts  the rate o f p la te le t 
accumulation has been termed Thrombogenicity Index (T I) . Because 
th is  index uses the con tra la te ra l a rte ry  as a reference, the 
exponential component o f isotope decay is  elim inated from th is  
ca lcu la tion  (Goldman e t al 1982a).
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Chapter 5
Intimal P la te le t Deposition on the Traumatised Rabbit Carotid Artery
93
5.1 Introduction
Rabbits have provided successful models fo r the inves tiga tio n  o f 
atherogenesis and have proved e ffe c tiv e  in  evaluating the in te rac tio n  
between p la te le ts  and vessel wall (Moore 1973). Although there are 
qu an tita tive  va ria tio n s  between d if fe re n t species, p la te le ts  from 
humans, ra ts , ra b b its , guinea p igs, horses and dogs a l l  aggregate in  
the presence o f ADP (Sinakos & Caen 1967). As ADP induced 
aggregation is  in h ib ite d  by adenosine monophosphate (AMP) in  humans 
and th is  e ffe c t is  also seen in  dog and ra b b it p la te le ts , these 
species are appropriate fo r  comparative studies on p la te le t 
involvement in  a r te r ia l trauma. This recommends rabb its  in  
cardiovascular research as a cheaper a lte rn a tiv e  to more expensive 
canine or primate models.
E ffec tive  methods o f ra d io la b e llin g  ra b b it p la te le ts  w ith 
U llnd ium  oxine have been described w ith minimal damage to the 
labe lled  c e lls ,  such th a t successful lo c a lis a tio n  o f p la te le t 
thrombus in  rabb its  has been achieved (Wistow e t al 1978; Schmidt & 
Rasmussen 1979). The in fus ion  o f intravenous iron  p a rtic le s  induced 
venous thrombosis and the presence o f ^ I n  p la te le t thrombus was 
confirmed by both radiographic and isotope scans (Grossman e t al 
1978). S im ila rly  rad io labe lled  p la te le t thrombus was detected by 
gamma camera on areas o f exposed subendothelium fo llow ing the passage 
o f a balloon catheter. These lesions were not loca lised  by indium 
lab e lled  red c e lls  or plasma proteins (F ink les te in  e t al 1982).
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Various methods have been used to  i n f l i c t  a standard and 
reproducible in ju ry  to the a r te r ia l endothelium in  ra bb its .
Iso la tio n  of the ca ro tid  a rte ry  produced an ischaemic in ju ry
(Buchanan & Hirsch 1984) and an e le c tr ic  curren t from a luminal
electrode caused p la te le t uptake in  the centra l a rte ry  o f the ear 
(Grossman et al 1978). Balloon catheter damage has been used in  the 
ra b b it aorta (Groves e t al 1982; F ink les te in  e t al 1982) and ca ro tid  
a rte ry  (Reidy e t al 1983). The constant in fus ion o f homocystine 
caused endothelia l damage (Harker e t al 1976) as did d ie ta ry  induced 
hypercholesterolaemia (Armstrong e t al 1980). Carotid in te rp o s it io n  
ve in  g ra ftin g  produced a model o f in tim a l hyperplasia but had a high
operative m o rta lity  (Murday e t al 1983).
P la te le t in h ib it io n  by asp irin  has been demonstrated to  reduce 
thrombus in  'the ju g u la r  veins, o f rabb its  in  a model using-125i 
labe lled  fib rinogen. Low dose asp irin  (lOmg/kg) proved e ffe c tiv e  as 
an antithrom botic agent, but higher doses (200mg/kg) augmented 
thrombus formation, possib ly by in h ib it io n  o f p rostacyc lin  production 
in  the endothelium (Kelton e t al 1978). As low dose a sp irin  has been 
shown to cause maximal in h ib it io n  o f both TXA2 and PGI2 , the reversal 
o f the antithrom botic e ffe c t w ith high dose asp irin  may not be soley 
due to  the in h ib it io n  o f  PGI2 synthesis (Buchanan & Hirsh 1984).
I t  is  the aim o f th is  study to develop a ra b b it model o f ca ro tid  
in tim a l trauma using a standardised surgical in ju ry . ^ I n - la b e l le d  
p la te le t deposition measures the in te n s ity  o f p la te le t in te ra c tio n
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w ith the damaged a r te r ia l wall can evaluate the e ffe c t o f low dose 
asp irin  and dipyridamole.
5.2 Materials and Methods
Twenty young adu lt New Zealand white rabb its  (2 .0 -2 .5kg) were 
randomised to receive e ith e r placebo or asp irin  (ASA) 5mg/kg d a ily  
plus dipyridamole (DPM) 5mg/kg tw ice d a ily . The drugs, prepared in  
powder form by Charing Cross Hospital Pharmacy, were disolved in  5mls 
o f water and administered by o ro -gastric  tube. Treatment was started 
48 hours p r io r  to  operation and continued u n t il completion o f the 
study. At operation the ca ro tid  a rte ry  was damaged by a standardised 
method and 24 hours la te r  p la te le ts  labe lled  w ith .^ In d iu m  oxine 
were in jec ted  in to  the ra bb its . A fte r a fu rth e r 24 hours the animals 
were s a c rif ice d , the ca ro tid  a rte rie s  excised and ra d io labe lled  
p la te le t uptake was assessed.
5 .2 .i  Operative technique
Anaesthesia was induced by mask inha la tion  o f a 70:30 m ixture o f 
n itrous oxide and oxygen w ith  4% Halothane and maintained w ith  2% 
Halothane. An a n te rio r m id-line  in c is io n  was made in  the neck and 
the strap muscles were re flec ted  la te ra l ly .  Both ca ro tid  a rte rie s  
were id e n tif ie d  and mobilised over a distance o f 2 cms (P late 3 .1 ).
On one side, the ca ro tid  a rte ry  was crushed over a distance o f 1cm 
fo r  a 3 minute period using non-toothed d issecting forceps mounted on 
a G clamp w ith a compression screw providing a standardised trauma 
(Plate 3 .2 ). The a rte ry  on the con tra la te ra l side was m obilised by
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the same method but l e f t  undamaged and used as a co n tro l. The skin 
wounds were closed w ith  continuous 5/0 E th ilon (W6669 Ethicon, 
Edinburgh, Scotland) and the animals were allowed to recover.
5 .2 . i i  U l ln  p la te le t la b e llin g
P la te le t la b e llin g  was performed by a technique modified from the 
‘ b u tto n -sa lin e 1 method descibed by Wistow e t al (1978). P la te le ts  
fo r each la b e llin g  procedure were obtained from a sing le animal, 
anaesthetised using 4% Halothane, n itrous oxide and oxygen. T h irty  
m i l l i l i t r e s  o f blood were obtained by cardiac puncture and the animal 
was sa c rifice d  w ith  intravenous sodium ba rb itu ra te . The blood was 
anti coagulated w ith  4mls o f 3.4% sodium acid c it ra te  and centrifuged 
a t 200G fo r 10 minutes to obtain p la te le t r ich  plasma (Fig 5 .1 ).
This suspension was then centrifuged again a t 640G to produce a 
p la te le t p e lle t and the resu lting  supernatant was re ta ined. The 
p la te le t p e lle t was washed and resuspended in  5mls o f calcium free 
Tyrode's so lu tion  w ith 70ng o f PGE .^ The washed p la te le ts  were again 
iso la te d , resuspended and incubated w ith 250uCi o f ^ - in d iu m  oxine 
fo r 60 seconds and the rad io !abe lling  reaction stopped by the 
add ition  o f the supernatant. Free nucleotide remaining in  so lu tion  
was bound to plasma proteins in  the supernatant. Radiolabelled 
p la te le ts  were separated from the supernatant and residual plasma- 
bound isotope by cen trifug a tio n  at:640G fo r  10 minutes and 
resuspended in  10mls o f Tyrode's so lu tion . Labelling e ff ic ie n c y  was 
assessed by expressing the a c t iv ity  bound to  labe lled  p la te le ts  as a 
percentage o f the to ta l a c t iv ity  in  the p la te le ts  and supernatant.
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Each ra b b it was then re in jected  w ith  2 mis o f VH-ln p la te le t 
suspension v ia  the ear ve in . S u ff ic ie n t p la te le ts  were harvested 
from one donor to  label f iv e  experimental animals.
5 . 2 . i i i  Measurement o f  rad io labe lled  p la te le t uptake
Twenty four hours a fte r  in je c t io n  o f rad io labe lled  p la te le ts , 
the animals were reanaesthetised and both ca ro tid  a rte rie s  excised.
A 5ml blood sample was withdrawn to measure c irc u la tin g  blood 
a c t iv ity  and the animals were sa c rifice d  w ith intravenous sodium 
ba rb itu ra te . The excised a rte rie s  were ir r ig a te d  fo r 60 seconds w ith 
0.9% sa line , introduced through a 20 gauge intravenous in fus ion  
catheter (Abbocath-T 4535-20, Abbott Ire land L td ). This procedure 
removed blood remaining in  the lumen and adherent tissue was 
dissected from the ad ven titia  o f the vessel (P late 3 .3 ). Two 
centimetre lengths o f vessel were iso la ted  w ith a 5mm section o f 
normal a rte ry  proximal and d is ta l to  the traumatised segment. The 
con tra la te ra l a rte ry  was removed, ir r ig a te d  and prepared in  an 
ide n tica l fashion and used as a reference. R ad ioactiv ity  was 
measured in  a well c rys ta l and ratemeter (Nuclear Enterprises SR-7 
ratemeter/DMI-2 s c in t i l la t io n  counter) and the specimens weighed.
The endothelia l appearances o f the traumatised and control a rte r ie s  
were examined by scanning e lectron microscopy (P late 3.4 , 3 .5 ).
Specimen ra d io a c tiv ity  counts were measured over a 10 minute 
period. Carotid p la te le t uptake was estimated by expressing the 
ra d io a c tiv ity  counts from each specimen, per gram o f tissue , as a
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Plate 3
3.1 The left carotid bifurcation in the rabbit. The common 
carotid artery is seen on the right of the exposure with 
the bifurcation to the left at the level of the thyroid  
cartilage.
3.2 A fter mobilisation the common carotid artery is crushed using 
the jaws of a series of non toothed dissecting forceps,
mounted on a G clamp. The compression injury is sustained
for 3 minutes and then released.
3.3 Traumatised and control rabbit carotid arteries. The
endothelial damage caused by external compression can be 
seen with the naked eye. Before measuring radioactivity 
in this specimen all post mortem thrombus and arterial 
adventitia is removed.
3.4 Low power scanning electron micrograph (x306) of the
vascular endothelium following carotid trauma in rabbits. 
Thrombotic material is seen obscuring the normal folds of 
the arterial intima.
3.5 High power scanning electron micrograph (x2420). A network
of platelets and fibrin make up luminal thrombus which
is adherent to the damaged endothelial cells.
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m s m .
percentage o f the counts from 1ml o f c irc u la tin g  blood. Carotid 
Uptake Ratio was calcu lated by expressing the ca ro tid  p la te le t uptake 
o f the traumatised a rte ry  as a ra t io  o f th a t from the con tra la te ra l 
reference a rte ry .
Specimen ra d io a c tiv ity  in  the traumatised and reference a rte rie s  
was compared by the Student's t  te s t fo r  paired data. The comparison 
o f ca ro tid  p la te le t uptake between traumatised and reference vessels 
was made by the Wilcoxon signed-rank te s t fo r paired data. Carotid 
uptake ra t io  in  the treated and placebo groups were compared by the 
Mann Whitney U te s t fo r non parametric data.
5.3 Results
Mean la b e llin g  e ff ic ie n c y  was 8 7 .2 > 4 .2  percent and a ll 
rad io labe lled  p la te le ts  showed a normal aggregatory response to  ADP.
5.3.1 Specimen radi oactiv i  ty
Specimen ra d io a c tiv ity  in  the reference a rte ry  o f 3.2 + 0.3 x 
103 counts was m arginally higher than background a t 2.0 >  0.07 x 103 
(Fig 5.2) but was much lower than those from the traumatised a rte ry  
a t 5.7 >  0.7 x 103 (p<0.001). Specimen ra d io a c tiv ity , per gram o f 
a rte ry , were cons is ten tly  higher from the traumatised side a t 4.79 +_ 
0.39 x 105 counts/gram compared to 3.11 +_ 0.37 x 105 from the 
reference a rte ry  (p<0.001).
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5 .3 . i i  Carotid p la te le t uptake
Carotid p la te le t uptake, which expresses the counts per gram o f 
a rte ry  as a percentage o f  the blood a c t iv i ty ,  showed cons is ten tly  
higher p la te le t accumulation on the traumatised a rte ry  o f 55.1 +_ 9.8 
percent compared to 28.6 +_ 6.3 percent from the reference side in  the 
placebo group (p<0.01) (Fig 5 .3 ). This d iffe rence in  ca ro tid  
p la te le t uptake was seen to  a lesser extent in  the animals treated 
w ith asp irin  and dipyridamole w ith ca ro tid  p la te le t uptake o f 43.7 +_
6.0 on the crushed vessels and 34.5 5.3 percent on the reference
a rte rie s  (p<0.05) (Fig 5 .4 ). There was no d iffe rence between the 
p la te le t a c iv ity  form the reference a rte rie s  in  the treated and 
contro l groups.
5 . 3 . i i i  Carotid Uptake Ratio
Carotid Uptake Ratio was s ig n if ic a n t ly  reduced in  those animals 
treated w ith ASA+DPM at 1.35 +_ 0.13 compared to 2.2 _+ 0.29 in  the 
placebo group (p<0.02) (Fig 5 .5 ).
5.4 Discussion
This model o f in tim a l in ju ry  id e n t if ie s  rad io labe lled  p la te le t 
deposition on areas o f damaged endothelium in  ra b b it ca ro tid  
a r te r ie s . P la te le t deposition was s ig n if ic a n t ly  higher on the 
in ju red  a rte rie s  compared to the reference vessels which were 
mobilised in  the same fashion. R ad ioactiv ity  in  the contro l vessels 
was s im ila r to  background which suggests tha t there was no 
appreciable p la te le t accumulation on the a r te r ia l a d ve n titia  or the
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tissues o f the wound. Using asp irin  and dipyridamole the p la te le t 
in te ra c tio n  w ith the subendothelium was s ig n if ic a n t ly  reduced in  th is  
model.
Successful ra d io la b e llin g  o f  ra b b it p la te le ts  w ith H^-In oxine 
was achieved w ith e ff ic ie n c ie s  comparable to  other series 
(F ink les te in  e t al 1982: Schmidt, Rasmussen & Lorentzen 1982). The 
use o f donor p la te le ts  confirmed tha t heterologous c e lls  are 
e ffe c tiv e  in  id e n tify in g  endarteria l damage (Grossman e t al 1978). A 
proportion o f the isotope is  loca lised  in  the dense bodies and to  a 
lesser extent the alpha granules o f p la te le ts , un like  human p la te le ts  
which carry the radionucleotide in  the cytoplasm o f the c e ll (Baker 
e t al 1982). This might th e o re tic a lly  re s u lt in  isotope loss 
fo llow ing the release reaction in  p la te le t aggregation, but did not 
a ffe c t the assessment o f a r te r ia l p la te le t deposition in  th is  model. 
Although a proportion o f the isotope may be lo s t  from the alpha 
granules on aggregation, th is  a c t iv ity  may be retained in  the 
a r te r ia l w a ll, in  a s im ila r way th a t p la te le t fac to r 4 is  retained 
w ith in  the vessel wall a fte r  p la te le t deposition (Goldberg, Stemerman 
& Haudin 1980).
The degree o f trauma in f l ic te d  in  th is  model should be regarded 
as less severe than formal endarterectomy. P la te le t uptake is  more 
intense fo llow ing endarterectomy than a fte r  endothelia l s tr ip p in g  by 
balloon catheter (Crowley & Pierce 1981). This model measures the 
intense p la te le t deposition which occurs on the a r te r ia l wall in  the
102
48 hours a fte r  trauma. Subsequent in tra lum ina l p la te le t uptake w il l  
continue u n t il in tim a l regeneration is  complete a fte r  approximately 2 
weeks (Reidy e t al 1983) but has not been investigated in  th is  
experiment.
True endothelia l regeneration occurs only over small areas o f 
in tim a l loss. Large defects in  the endothelium are replaced by a 
neointima o f vascu lar smooth muscle which re ta ins  anti-aggregatory 
properties but does not reform a true endothelium (Reidy e t al 1983). 
The in te rface  between smooth muscle c e lls  and endothelium is  seen as 
a tra n s itio n a l zone where the endothelia l c e lls  are not aligned w ith 
flow . Whether endothelia l c e ll repa ir is  lim ite d  by an inherant 
in a b i l i t y  to regenerate or is  in h ib ite d  by smooth muscle remains 
unclear (Groves e t al 1979).
P la te le t deposition on damaged smooth muscle c e lls  and i t s  
e ffe c t on endothelia l repa ir has ye t to be id e n t if ie d . A s ing le  
endothelia l in ju ry  causes less p la te le t aggregation than repeated 
trauma in f l ic te d  on the smooth muscle c e lls  o f neointima (Groves e t 
al 1982). This increased thrombus formation a fte r  repeated damage is  
reduced by heparin which has no e ffe c t on p la te le t accumulation a fte r  
a s ing le in ju ry  (Kinlough-Rathbone e t al 1983). The assessment o f 
p rostacylc in  synthesis in  damaged endothelium and reparative 
neointima w il l  require fu rth e r study.
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5.5 Conclusions
This ra bb it model has proved re lia b le  fo r  the in ve s tiga tio n  o f 
rad io labe lled  p ia t le t  uptake in  the ca ro tid  a rte ry  fo llow ing 
standardised a r te r ia l in ju ry . The e ffica cy  o f low dose a sp irin  and 
dipyridamole in  reducing p la te le t deposition on the damaged a r te r ia l 
wall was confirmed. These methods can now be applied to  pa tien ts  
where a comparable a r te r ia l in ju ry  is  in f l ic te d  by ca ro tid  
endarterectomy.
104
Chapter 6
Carotid P late let Uptake Following Endarterectomy
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6.1 Introduction
Since the problems o f ea rly  postoperative thrombosis and 
restenosis fo llow ing ca ro tid  endarterectomy were recognised, i t  has 
been suggested th a t p la te le ts  are involved in  the pathophysiology o f 
these processes (Stoney & S tring 1976; Ortega e t al 1981). However 
th is  concept has defied fu rth e r study as in  v ivo  p la te le t 
accumulation had not previously been detectable in  pa tien ts . In 
recent years, m In d ium  p la te le t la b e llin g  has g rea tly  improved 
imaging o f in  v ivo  thrombus and these techniques have been applied to  
measurement o f p la te le t uptake on p rosthe tic  g ra fts  in  dogs and in  
patients (Mergerman e t al 1982; Goldman e t al 1982a; Goldman e t al 
1982b).
P la te le t accumulation on the ca ro tid  a rte ry  was measured in  
patients to  assess the thrombogenic cha rac te ris tics  of 
a the rosc le ro tic  lesions (Davis e t al 1980; Goldman e t al 1983b) but 
only recently has th is  technique been used to evaluate the 
accumulation o f thrombus on the a r te r ia l wall fo llow ing ca ro tid  
endarterectomy (Lusby e t al 1983; S tra tton e t al 1987).
This experiment investigates p la te le t deposition on the ca ro tid  
a rte ry  in  patients fo llow ing endarterectomy. This has been evaluated 
both in  the early  post operative period and la te r  a t 2 months and 
compares gamma camera imaging w ith probe counting, the two p r in c ip le  
methods by which ra d io a c tiv ity  is  assessed.
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6.2 Patients and Methods
Ten pa tien ts undergoing u n ila te ra l ca ro tid  endarterectomy were 
included in  th is  study. There were 6 men and 4 women w ith a mean age 
o f 66.7 years (range 47-79 years). Standard endarterectomy was 
performed under general anaesthesia and heparin 5000 un its  was 
administered p r io r  to  cross clamping o f the common ca ro tid  a rte ry . 
Longitudinal arteriotom y was performed and an in tra lum ina l shunt was 
introducted i f  cerebral perfusion was inadequate. In th is  group, the 
arteriotom y was closed by d ire c t suture, w ithout the use o f patch 
angioplasty, w ith  continuous 6/0 Prolene (W8706 Ethicon Ltd , 
Edinburgh, Scotland).
On the second postoperative day autologous p la te le ts  from 26mls 
o f blood were prepared by the method described in  chapter 4 and 
labe lled  w ith approximately 200uCi U llnd ium  oxine (Hawker e t al 
1980). Two hours fo llow ing re in je c tio n , ca ro tid  p la te le t uptake was 
measured by both gamma camera imaging and probe counting w ith 
repeated measurements taken a t 24 and 48 hours a fte r  in je c t io n .
P rio r to  assessment o f ca ro tid  ra d io a c tiv ity , the surface markings o f 
the ca ro tid  b ifu rca tio n  were id e n tif ie d  on both sides o f the neck by 
continuous wave ultrasound w ith a 4MHz probe (Vasoscan, Sonicaid 
8220-6901, Sonicaid L td ., Chichester, England). This ensured 
accurate probe geometry and confirmed in te rna l ca ro tid  patency.
Counts from the operated arte ry  were compared to those form non 
operated side using both methods o f ra d io a c tiv ity  assessment. The
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counts, from the operated a rte ry  over reference, were expressed as 
the Carotid Uptake Ratio (CUR) and the da ily  increase in  th is  ra t io ,  
over the three days o f th is  study, was termed Thrombogenicity Index 
(T I) . This procedure was repeated 8 weeks la te r ,  when a fte r  a 
fu rth e r in je c tio n  o f autologous labe lled  p la te le ts , Carotid Uptake 
Ratio and Thrombogenicity Index were again calcu lated to assess la te  
postoperative p la te le t uptake. In add ition  the gamma images were 
examined v is u a lly  by an indepentent observer asessing increased 
p la te le t uptake over the ca ro tid  a r te r ie s .
S ta t is t ic a l comparison o f the counts from the operated and 
reference ca ro tid  a rte rie s  was performed by the Wilcoxon signed-rank 
te s t fo r  paired data as was the comparison between early and la te  
resu lts  o f CUR and T I. The co rre la tio n  between CUR and T I, derived 
from gamma camera and probe counting, was calcu la ted by lin e a r 
regression.
6.3 Results
A ll pa tients recovered from anaesthesia w ithout neurological 
d e f ic ity  and non-invasive ca ro tid  assessment at 48 hours demonstrated 
wide patency in  a l l  10 operated a r te r ie s . Mean (+_ sem) la b e llin g  
e ffic ie n c y  in  a ll 10 pa tien ts , 2 days a fte r  surgery, was 93.6 ^ 0 .8  
percent w ith in jec ted  a c t iv ity  o f 258 16.4 uC i. These were s im ila r
to  the re su lts  o f 94.5 +_ 0.5 percent and 222.3 _+ 13.9 uCi 
respective ly obtained from subsequent la b e llin g  procedures a t 2 
months a fte r  operation. In a ll cases labe lled  p la te le ts  showed a
108
sa tis fa c to ry  response to ADP and were s te r i le  to  both aerobic and 
anaerobic cu ltu re . A ll p la te le t preparations had la b e llin g  
e ff ic ie n c ie s  in  excess o f 90 percent. Values o f CUR and TI 
ca lcu la ted from gamma images are recorded in  Table 6.1. Comparative 
resu lts  o f probe counting are seen in Table 6 .2 .
6 .3 . i Gamma camera imaging
Three days a fte r  surgery, mean counts per gamma camera c e ll o f 
46.3. +_ 4.3 , calcu lated from an area o f in te re s t over the operated 
a rte ry  were s ig n if ic a n t ly  higher than 38.6 _+ 3.9 counts per pixcel 
recorded on the non operated side (p<0.001) (Fig 6 .1 ). At two months 
the counts per p ixe l over the operated a rte ry  had fa lle n  to  38.9 +_
3.2 and were s im ila r to the reference counts o f 39.1 _+ 3.1 (Fig 6 .2 ). 
By expressing the ra d io a c tiv ity  from the operated a rte ry  as a ra t io  
o f the reference, mean CUR was ca lcu la ted a t 1.22 +_ 0.04 in  the early  
postoperative period. This in i t ia l  CUR was s ig n if ic a n t ly  higher than 
th a t o f 1.01 ^ 0 .0 6 ,  measured a t 2 months (p<0.01) (Fig 6 .3 ).
An independent observer co rre c tly  id e n t if ie d  the side o f 
endarterectomy in  8 o f the 10 early scans and judged the remaining 2 
equivocal. Visual analysis o f gamma scans from the la te r  examination 
c o rre c tly  id e n tif ie d  the side o f operation in  two pa tien ts , judged 7 
equivocal and was in co rre c t in  one p a tie n t.
Thrombogenicity Index, re fle c tin g  the ra te o f p la te le t 
deposition, was in i t i a l l y  raised a t  0.11 + 0.01 in  the ea rly  post
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Patient no CUR1 CUR2 ■TI'1 T I2
1 1.18 0.78 0.14 -0.05
2 1.15 1.12 0.08 0.11
3 1.19 1.29 0.08 0.03
4 1.48 0.98 0.13 -0.03
5 1.10 1.18 0.07 0.04
6 1.26 0.94 0.04 - 0.01
7 0.96 0.69 0.15 0.09
8 1.30 1.13 0.21 0.05
9 1.28 1.08 0.03 0
10 1.34 0.88 0.11 -0.05
Table 6.1 Tabulated values of Carotid Uptake
Ratio and Thrombogenicity Index 
measured in the early1 and la te r2 
postoperative periods using gamma 
camera assessment of rad ioactiv ity .
Patient no CUR1 CUR2 T I1 T I2
1 0.96 0.94 -0.4 0.02
2 0.95 0.78 -0.28 -0.30
3 1.30 1.31 - 0.12 0.09
4 1.46 1.15 0.13 -0.09
5 0.84 1.33 0.05 -0.17
6 0.76 0.88 0.05 -0.09
7 1.29 0.95 - 0.10 - 0.02
8 0.74 0.77 0.06 0.04
9 1.16 0.97 0.02 -0.08
3.0 0.84 1.03 - 0.11 0.11
Table 6.2 Values of early and late  CUR and TI
calculated from data obtained from 
probe counting.
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Figure 6.4 Thrombogenicity Index is significantly 
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operative period, but f e l l  to  0.02+^0.02 by 2 months (p<0.01) (Fig 
6 .4 ).
6 .3 .i i  Probe counting
In the early  postoperative study, the counts measured by sodium 
iodide crysta l and rate meter over the operated ca ro tid  o f  3.0 _+ 0.8 
x 103 were ind is tingu ishab le  from the con tra la te ra l non operated 
reference a rte ry  o f 2.9 _+ 0.8 x 103 (Fig 6 .5 ). At 2 months id e n tica l 
counts o f 1.9 + 0 ,3  x 103 were recorded over both operated and 
reference a rte rie s  (Fig 6 .6 ). There was no s ig n if ic a n t d iffe rence 
between the early  resu lts  o f CUR a t 1.03 + 0.08, and 1.01+^0.06 two 
months la te r  (Fig 6 .7 ).
Results o f Thrombogenicity Index, from the probe counting data, 
also fa ile d  to id e n tify  any d iffe rence between -0.03 + 0.03 
calcu la ted from the second to  fourth  postoperative days and -0.05 +_ 
0.04 over a 3 day period, 2 months la te r  (Fig 6 .8 ).
A lte rna tive  reference areas had no greater s e n s it iv ity .  Using 
the forearm as a reference, CUR was found to  be 1.75 ■+_ 0.3 in  the 
early  study but unchanged a t 1.71 + 0 .1  a t 2 months. These higher 
readings merely re f le c t  the volume o f tissue  and blood in  the neck 
compared to the forearm, however the sca tte r o f these counts a t 1.8 + 
0.4 x 103 was s im ila r to  the ca ro tid  counts o f 3.0 + 0.8 x 103.
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6 . 3 . i i i  Comparison o f methods
There was no s ig n if ic a n t co rre la tio n  between the values o f CUR 
and TI measured by the 2 methods o f ra d io a c tiv ity  assessment. Linear 
regression comparing probe counting and gamma imaging showed no 
re la tion sh ip  between Carotid Uptake Ratio (r=0.06) (Fig 6.9) and 
Thrombogenicity Index ( r=0.22) in  the early  postoperative period (Fig 
6 .10). S im ila rly  these indices o f p la te le t uptake were not 
comparable in  the la te r  examination w ith r=0.36 fo r CUR and an 
inverse trend seen w ith TI (r= -0 .49).
6.4 Pi scussion
These resu lts  demonstrate the e ffica cy  o f gamma imaging in  the 
measurement o f rad io labe lled  p la te le t uptake a t the s ite  o f ca ro tid  
endarterectomy. These gamma scans cons is ten tly  showed detectable 
leve ls  o f ra d io a c tiv ity  in  the early postoperative period, both 
v is u a lly  and on computer analysis. By comparing the operated a rte ry  
to the con tra la te ra l reference and ca lcu la ting  Carotid Uptake Ratio 
and Thrombogenicity Index, i t  was posssible to  show a s ig n if ic a n t 
reduction in  p la te le t accumulation in  the la te r  examination.
Although th is  reso lu tion  o f the p la te le t-vesse l wall in te ra c tio n  a t 
th a t stage suggests the regeneration o f a neointima, th is  remains 
unproven w ithout h is to lo g ica l evidence.
These data show probe counting to be in e ffe c tiv e  in  id e n tify in g  
postoperative ca ro tid  p la te le t uptake. Even in  patients in  whom 
increased ra d io a c tiv ity  was easily  v is ib le  on gamma camera imaging,
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probe counting did not detect increased leve ls  o f ra d io a c tiv ity .
This contrasts to the studies in  patients measuring rad io labe lled  
p la te le t uptake on fem oro-popliteal g ra fts  by probe counting (Goldman 
e t al 1982a). Inaccuracies w ith th is  technique may be due to 
in s u ff ic ie n t col-1 imat'ion. such tha t a c t iv ity  is  recorded from the 
other vascular structures in  the neck. The proxim ity o f the operated 
and reference a rte rie s  may be important as a c t iv ity  from the 
endarterectomised ca ro tid  may in fluence counts recorded from the 
reference a rte ry . The wide spread o f the probe counting data, seen 
w ith the high standard e rro r o f the mean, may re f le c t the 
inaccuracies o f th is  method. Even using the forearm reference, 
counts were s t i l l  inconsisten t and fa ile d  to id e n tify  increased 
p la te le t uptake in  the early  postoperative period.
The use o f the con tra la te ra l ca ro tid  a rte ry  reference fo r  the 
ca lcu la tion  o f CUR and TI may lead to e rro r as p la te le t accumulation 
has been id e n tif ie d  a t the s ite  o f ca ro tid  atheroma (Goldman e t al 
1983b). Only one pa tien t in  th is  series had a postoperative CUR o f 
less than 1.0 which would ind ica te  greater p la te le t a c t iv ity  on the 
non-operated side . This pa tien t was found to have s ig n if ic a n t 
con tra la te ra l disease w ith a 50% in te rna l ca ro tid  stenosis on non- 
invasive assessment. The reference ra d io a c tiv ity  was comparatively 
higher in  the la te r  scan where CUR was recorded a t 0.69, in d ica tin g  a 
reduction in  p la te le t accumulation a t the s ite  o f endarterectomy as 
would be expected a t th is  stage (P late 2 .5 ). Consistently higher
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i f .
uptake on the reference a rte ry  might suggest continuous p la te le t 
accumulation on a thrombogenic, atheromatous plaque.
The early  postoperative studies were performed from the second 
to  the fourth  postoperative day to avoid rad io labe lled  p la te le t 
uptake in to  wound haematoma. Previous stud ies, in je c t in g  labe lled  
p la te le ts  w ith in  one hour o f endarterectomy, have successfully 
measured greater a c t iv ity  on the side o f operation but made no 
allowance fo r wound uptake (Lusby e t al 1983). However th is  
consideration may not be important as control studies in  patients 
undergoing inguinal hernia repa ir have not demonstrated p la te le t 
uptake in to  the tissues o f the wound in  the immediate postoperative 
period (S tra tton  e t al 1987).
6.5 Conclusion
Radio labelling o f autologous p la te le ts  w ith ^ In d iu m  and gamma 
camera imaging is  a su itab le  method fo r  measuring p la te le t uptake in  
the early  postoperative period and has demonstrated a reduction in  
ca ro tid  p la te le t uptake by 2 months a fte r  surgery. Carotid Uptake 
Ratio and Thrombogenicity Index both appear to be re lia b le  
measurements o f p la te le t accumulation.
Results o f probe counting have not shown an increase in  
postoperative CUR or TI and do not co rre la te  w ith  gamma imaging. The 
high background blood pool in  the neck seems to  make probe counting 
inappropriate in  these circumstances.
114
Chapter 7
The Effect of P late le t Inhibitory Therapy on Carotid
Thrombogenicity Following Endarterectomy
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7.1 In troduction
Although anti p la te le t therapy is  w idely used in  the treatment o f 
cardiovascular disease, the measurement o f in  v ivo  changes in  
p la te le t function and in te ra c tio n  w ith the a r te r ia l wall have proved 
more d i f f i c u l t  to  inves tiga te . C lin ica l studies o f asp irin  and 
dipyridamole showed a reduction in  the coronary m o rta lity  in  the 
myocardial re in fa rc tio n  (PARIS 1980) and recurrent stroke (Canadian 
Cooperative Study Group 1978) but these epidemiological surveys did 
not demonstrate the mechanism by which th is  m orbidity was improved. 
S im ila rly  although asp irin  and dipyridamole were s ig n if ic a n t ly  b e tte r 
than placebo in  preserving g ra ft  patency fo llow ing aorto-coronary 
bypass (Chesebro e t al 1984), lower p la te le t a c t iv ity  in  these g ra fts  
was not evaluated.
The d i f f ic u l t ie s  a rise  in  the detection o f p la te le t uptake at 
areas o f a r te r ia l damage or disease. In v i t r o  p la te le t k in e tic s  are 
ce rta in ly  a lte red by the cyclo-oxygenase blockade o f a sp irin  and 
phosphodiesterase in h ib it io n  w ith dipyrimadole but the methods o f 
inves tiga ting  reduced in  v ivo  p la te le t a c t iv ity  in  the blood vessels 
o f pa tients are unsatisfactory (Eichner 1984). Improved coronary vein 
g ra ft  patency suggests tha t p la te le t in h ib it io n  prevents early  
postoperative thrombosis but th is  is  seen only when therapy has been 
commenced e ith e r preoperatively or in  the early  postoperative period 
(Chesebro e t al 1984; Lorenz e t al 1984). There was no demonstrable 
be ne fit from therapy s tarted  more than 48 hours a fte r  surgery (Brooks 
e t al 1985). Long term a n t i-p la te le t therapy also reduced the
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incidence of la te  g ra f t  occlusion, perhaps in h ib it in g  in tim a l 
hyperplasia which may be p la te le t mediated, and th is  would encourage 
the use o f therapy fo r  a t leas t a year a fte r  surgery (Chesebro e t al 
1984).
The choice o f e ith e r high or low doses o f asp irin  remains a 
problem y e t unsolved by c lin ic a l in ve s tig a tio n . In high doses 
in h ib it io n  o f endothelia l cyclo-oxygenase a c t iv ity  may reduce 
p rostacyclin  synthesis whereas low doses, while ir re v e rs ib ly  blocking 
p la te le t cyclo-oxygenase, may have less e ffe c t on the arachidonic 
acid metabolism in  vascular endothelium (Clowes 1986). Experimental 
data suggests tha t o ra lly  administered low dose asp irin  may produce a 
cumulative and optimal ace ty la tion  o f p la te le t cyclo-oxygenase in  the 
porta l c irc u la tio n  w ithout a ffec ting  the systemic vascular 
endothelium (Pedersen & F itzgera ld  1984). This may be im portant in  
vein g ra fts  and fo llow ing endarterectomy where neointima formed by a 
combination o f a r te r ia l smooth muscle and regenerated endothelium 
re ta ins an ti-th rom botic  properties (Reidy e t al 1983).
At present a s p ir in , w ith or w ithout dipypidamole, has been used 
extensively both before and a fte r  ca ro tid  surgery. The m a jo rity  o f 
pa tients (72%) refered to the Vascular Service a t Charing Cross 
Hospital fo r  treatment o f symptomatic ca ro tid  a rte ry  disease have 
been prescribed asp irin  since the onset o f symptoms. In many centres 
asp irin  is  used e m p irica lly  a fte r  ca ro tid  surgery (Glover e t al 1985; 
Ackroyd e t al 1986) but the e ffec ts  on p la te le t uptake on the
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endarterectomy segment have not been investigated nor has the 
c lin ic a l e ffica cy  o f th is  therapy has not been confirmed. Although a 
re trospective  study suggested tha t p la te le t in h ib ito ry  therapy 
reduced the incidence o f thrombosis re la ted neurological d e f ic its  
fo llow ing ca ro tid  endarterectomy (Edwards e t al 1985), conclusions 
should not be drawn from th is  non randomised study.
The d ire c t e ffe c ts  o f in h ib ito ry  therapy on p la te le t uptake on 
the a r te r ia l wall fo llow ing ca ro tid  endarterectomy have not been 
established. I t  is  the purpose o f th is  study to measure 
postoperative p la te le t uptake in  patients fo llow ing ca ro tid  
endarterectomy and to evaluate the e ffe c ts  of a standard regimen o f 
p la te le t in h ib ito ry  therapy.
7.2 Patients and Methods
Eighteen pa tien ts  were studied a fte r  u n ila te ra l ca ro tid  
endarterectomy fo r  treatment o f amaurosis fugax or tra n s ie n t cerebral 
ischaemia. There were 12 men and 6 women w ith mean age 63.5 years 
(range 52-78). Twelve pa tien ts who had been taking p la te le t 
in h ib ito ry  therapy a t re fe ra l were continued on asp irin  (ASA) 300mg 
d a ily  and dipyridamole (DPM) lOOmg three times d a ily  s ta rtin g  pre- 
opera tive ly  and continuing to  the end o f the study period. Six 
patients who were refered fo r  surgery and had not been taking 
p la te le t in h ib ito ry  drugs or other non-steroidal a n ti- in fla m a to ry  
drugs fo r  14 days p r io r  to  operation were included fo r  comparison as 
con tro ls .
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Endarterectomy was performed under general anaesthesia, w ith  £ 
systemic heparin isa tion , using a long itud ina l arteriotoiny from the 
common ca ro tid  extending in to  the in te rna l ca ro tid  a rte ry .
Continuous 6.0 Prolene was used to repa ir the arteriotom y and in  
these patients patch angioplasty was not required.
7 .2 .i  Assessment o f p la te le t uptake
On the second postoperative day autologous p la te le ts  were 
labe lled  w ith m In d ium  oxine using the method described in  Chapter 4 
(Hawker e t al 1980). Gamma images were taken 2 hours a fte r  in fus ion  
o f rad io labe lled  p la te le ts  and subsequently a t 24 and 48 hours. 
Carotid Uptake Ratio a t 24 hours and Thrombogenicity Index were 
ca lcu la ted .
Gamma camera counts were compared by the Wilcoxon signed-rank 
te s t fo r  paired data and resu lts  o f Carotid Uptake Ratio and 
Thrombogenicity Index were analysed using the Mann Whitney U te s t fo r 
non parametric data.
7.3 Results
Twelve patients in  the treatment group to le ra ted  drug therapy 
w ithout side e ffe c ts  and none o f the 18 patients developed 
postoperative wound haematomas. There were no periopera tive or 
postoperative neurological d e f ic its .  Non-invasive assessment o f the 
endarterectomy perfomed 5 days a fte r  operation showed a ll vessels to 
be wi dely patent.
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7 .3 .i Carotid p la te le t uptake
Radiolabelled p la te le t deposition was id e n t if ie d  by an 
independent observer on 11 o f the 18 gamma images taken a t 24 hours. 
In a ll 18 patients mean (j^sem) counts per pixcel o f 39.8 4.1 over
the operated a rte ry  was s ig n if ic a n t ly  higher than 32.1 +_2.7 over the 
Contralatera l reference side (p<0.001) (Fig 7 .1 ) . This d iffe rence in  
gamma camera counts was seen in  both those receiving a n t i-p la te le t  
therapy and the untreated con tro ls . R ad ioactiv ity  over the operated 
carotids was 35.4 _+ 4.6 counts per pixcel in  the treated group 
compared to 31.2 + 3.4 over the reference side (p<0.01). In the 
untreated p a tien ts , counts over the endarterectomy were s ta t is t ic a l ly  
higher a t 48.7 ;+ 7.4 compared to 33.8 _+4.9-despite the smaller 
numbers in  th is  group (p<0.01).
7 -3 .i i  Carotid Uptake Ratio
Mean [+_ sem) CUR in  al 1 18 patients was 1.22.+_ 0.04 and was 
s ig n if ic a n t ly  lower in 12 patients receiving ASA and DPM a t 1.11 +_ 
0.04 compared to  1.44 0.03 in  6 untreated patients (p<0.002)
(Fig 7 .2 ).
7 . 3 . i i i  Thrombogenicity Index
Overall TI was calcu lated at 0.15 + 0.04 and was s im ila r ly  
reduced from 0.34 0.07 in  control pa tients to  0.06 + 0.02 in  those
taking ASA and DPM (p<0.002) (Fig 7 .3 ).
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7.4 Discussion
This study demonstrates a s ig n if ic a n t reduction in rad io labe lled  
p la te le t uptake on the luminal surface o f the vessel wall a fte r  
endarterectomy in  those pa tien ts receiving p la te le t in h ib ito ry  
therapy. This is  seen both in  the Carotid Uptake Ratio, comparing 
the operated to the reference side, and Thrombogenicity Index which 
re fle c ts  the rate o f p la te le t deposition.
The adm in istra tion o f asp irin  300mg is  between the accepted low 
(lOOmg) and high (lgm) da ily  doses (Masotti e t al 1979). In the 
patients studied, th is  dose o f asp irin  in  combination w ith 
dipyridamolelOOmg tds caused no reported side e ffe c ts , in  p a rt ic u la r  
there was no evidence o f g a s tro - in te s tin a l upset nor o f gastro­
in te s tin a l haemorrhage. This p la te le t in h ib ito ry  regimen is  used 
con s is ten tly  in  the pa tients fo llow ing vascular surgery a t Charing 
Cross Hospital w ith  sa tis fa c to ry  pa tien t compliance and w ith 
re la t iv e ly  few o f the side e ffec ts  commonly reported (PARIS 1980;
Brooks e t al 1985)
Endarterectomy removes the vascular endothelium leaving the 
connective tissue o f the media exposed to the c irc u la tin g  blood.
In i t ia l  p la te le t adhesion w i l l  form a layer of p la te le ts  and f ib r in  
on the luminal suface o f the endarterectomy segment regardless o f 
cyclo-oxygenase in h ib it io n  as th is  ea rly  aggregation is  mediated by 
collagen. Further p la te le t deposition on the p la te le t - f ib r in  m atrix 
is  effected by aggregation as Thro'boxane A2 is  released from adherent Wv
k
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p la te le ts . I t  is  th is  secondary p la te le t aggregation which may be 
in h ib ite d  by cyclo-oxygenase blockade and reduces the p la te le t 
accumulation which is  id e n tif ie d  a t the s ite  o f endarterectomy in  
th is  experiment (Packham & Mustard 1980).
I t  is  u n like ly  th a t endothelia l repa ir would be s u ff ic ie n t ly  
advance tha t loca l endothelia l p rostacyclin  production was 
reestablished in  the 5 days taken to complete th is  study. Therefore, 
in  the absence o f an secretory endothelia l surface, the the o re tica l 
e ffec ts  o f cyclo-oxygenase in h ib it io n  o f p rostacyclin  synthesis 
should not be re levan t.
There is ,  as y e t, no evidence to  suggest th a t a reduction in  
p la te le t deposition a fte r  ca ro tid  surgery is  c l in ic a l ly  b e n e fic ia l. 
Total absence o f the p la te le t response to tissue  damage would be 
inappropria te as p la te le ts  play a major ro le  in  normal haemostasis.
In addition the release o f p la te le t growth fac to rs  may be required in 
the c e llu la r  response to trauma and be instrumental in  tissue 
p ro life ra t io n  and repa ir (Ross 1985). U n til the mechanism by which 
p la te le ts  contribu te to endothelia l repa ir is  defined, i t  is  
inappropria te to recommend p la te le t in h ib ito ry  therapy in  these 
circumstances.
7.5 Conclusion
The p la te le t response in  the early  postoperative period 
fo llow ing endarterectomy can be modified w ith  p la te le t in h ib ito ry
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therapy. Using rad io labe lled  p la te le ts , a standard regimen o f 
a sp irin  and dipyridamole s ig n if ic a n t ly  reduced ca ro tid  p la te le t 
accumulation in  the postoperative period.
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Chapter 8
The Effect of Patch Angioplasty on Postoperative P la te le t
Uptake in the Carotid Artery
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8.1 In troduction
Patch angioplasty has been used from the e a r lie s t days o f 
ca ro tid  surgery, however the number o f pa tien ts undergoing th is  
procedure w ith endarterectomy varies widely between published series. 
De Weese reported a series in  which less than 4% o f cases required 
patch re p a ir, and Pierce described 139 consecutive endarterectomies 
w ith only a s ing le case o f angioplasty (De Weese e t al 1968; Pierce 
e t al 1984). In con trast B la is del 11s study o f angiographic 
assessment o f restenosis reported tha t v i r tu a l ly  a ll pa tients (97%) 
had patch repa ir o f the arterio tom y, in  keeping w ith Edwards who used 
patch angioplasty in  70% o f cases (B la isde ll e t al 1967; Edwards e t 
al 1985).
The ind ica tions  fo r patch angioplasty are seldom described and 
many surgeons patch s e le c tiv e ly , simply using th is  technique i f  the 
a rte ry  " is  small" (Thompson e t al 1970). Endarterectomy is  usually 
performed to remove atheromatous stenosis but closure o f the 
arteriotom y may cause loca lised  narrowing. Patch repa ir remains the 
standard procedure by which adequate diameter is  maintained.
Although th is  may increase the cross sectional area o f the a rte ry , 
the e ffec ts  on flow  are less ce rta in . Flow patterns a t the ca ro tid  
b ifu rca tio n  have been c lose ly studied, and i t  has been suggested th a t 
turbulence and the resu lting  changes in  shear stress may in  some 
degree, con tribu te  to  the pathogenesis o f atheroma (Zarins e t al 
1982). Following endarterectomy, the removal o f a haemodynamic 
stenosis may improve laminar flow  but excessive widening w ith  a large
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patch may be de trim enta l. Inappropriate widening o f the a r te r ia l 
lumen w i l l  in te ru p t the laminar flow  causing turbulence and abnormal 
shear on the a r te r ia l w a ll. Also a vessel repaired by patch 
angioplasty may e ffe c t iv e ly  become aneurysmal w ith the deposition of 
layers o f thrombus in  regions o f low blood flow . Thus i t  has been 
stressed tha t the g ra ft  must be fashioned so as to produce a uniform 
lumen o f normal dimensions (Katz e t al 1987).
The choice o f e ith e r p rosthe tic  or autogenous vein has not ye t 
been investigated and although vein w ith a secretory endothelium 
should be less thrombogenic, th is  has not been confirmed fo r  patch 
angioplasty by in  v ivo  stud ies. I t  is  known th a t p rosthe tic  
m ateria ls implanted as a r te r ia l g ra fts  form a pseudo-intima which 
continue to  accumulate c irc u la tin g  p la te le ts  more than one year a fte r  
im plantation (Goldman e t al 1982b). This may not occur fo llow ing 
patch angioplasty where neointima formed from pannus ingrowth 
probably covers the surface o f the re la t iv e ly  small ca ro tid  patch.
Prevention o f restenosis is  the prime in d ica tio n  fo r  patch 
angioplasty, and although the pathogenesis o f restenosis is  poorly 
understood, th is  technique has been shown to  decrease the recurrence 
o f restenosis in  two non-randomised reports (Deriu e t al 1984, Katz 
e t al 1987). Simply by increasing the cross sectional area o f the 
lumen, other factors such as p la te le t deposition, turbulence or 
smooth muscle ce ll p ro life ra t io n  may become unimportant. However a
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change o f practice is  not ind icated u n t il the benefits  o f patch 
angioplasty are evaluated in  a properly con tro lled  randomised t r i a l .
The comparison o f simple suture, ve in  patch angioplasty and 
ca ro tid  b ifu rca tio n  advancement have been studied in  a non-randomised 
t r i a l . Restenosis o f greater than 50% diameter reduction was found 
as often in  each o f the patched groups as in  the unpatched con tro ls  
w ith  an overall restenosis rate o f 13.8% in  th is  series (Curley, 
Edwards & Jacob 1987).
The only in d ica tion  fo r  patch angioplasty which seems 
un ive rsa lly  agreed is  in  the surgical treatment o f the recurrent 
stenosis. Cossman described the operative find ings o f in tim a l 
hyperplasia and stated th a t a plane o f  d issection between the 
s teno tic  les ion and the a r te r ia l wall could only be developed by 
sharp dissection (Cossman e t al 1978). In such cases, where the 
stenosis is  smooth and most l ik e ly  to  cause symptoms by haemodynamic 
e ffe c t ra ther than emboli, patch angioplasty is  ind icated and i f  th is  
is  not possib le, reverse saphenous vein replacement is  the preferred 
treatment (Das e t al 1985).
P la te le t k in e tic s  have not been studied fo llow ing patch 
angioplasty. In th is  chapter, the resu lts  o f ca ro tid  p la te le t uptake 
fo llow ing th is  procedure are assessed and compared to a contro l group 
o f pa tients treated by simple suture o f the arterio tom y.
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8.2 Patients and Methods
In a consecutive series o f 33 pa tien ts undergoing u n ila te ra l 
ca ro tid  endarterectomy, 10 required patch angioplasty while the 
remainder underwent standard suture o f the arterio tom y. There were 
21 men and 12 women in  the series: 10 women were treated by d ire c t 
suture and only 2 required angioplasty. Mean age a t operation was 
comparable in  both groups, a t 69.5 +_ 1.9 years in  the d ire c t suture 
group and 64.7 +_ 2.1 years w ith angioplasty. C r ite r ia  fo r  the use o f 
patch angioplasty included an in te rna l ca ro tid  a rte ry  o f small 
diameter in  6 pa tie n ts , k inking o f the vessel on standard closure in  
3 and a suspicion o f a r te r i t is  in  1 p a tie n t. A ll arterio tom ies were 
closed w ith  continuous 6.0 Prolene and patch angioplasty was 
performed w ith Sauvage Dacron (USCI 007828, CR Bard In c ., B i l le r ic a ,  
MA 01821, USA) in  6 pa tients while in  the remaining 4 autogenous 
saphenous vein was used.
On the second postoperative day, autologous p la te le ts  from 26mls 
o f blood were labe lled  w ith approximately 200uCi ^ In d iu m  oxine and 
reinfused (Chapter 4 ). Carotid p la te le t uptake was measured by gamma 
camera imaging and Carotid Uptake Ratio (CUR) calcu la ted by computer 
ana lys is. The rate o f p la te le t deposition was determined by the 
d a ily  increase in  CUR calcu la ted over the 3 days and expressed as 
Thrombogenicity Index (T I) .
Counts from the operated a rte ry  were compared s ta t is t ic a l ly  to  
those from the non-operated reference side by the Students t  te s t fo r
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paired data. In the subgroups of patch and standard suture, counts 
from the operated a rte ry  were compared to reference w ith the Wilcoxon 
signed-rank te s t fo r  paired data. CUR and TI fo r  the 2 groups o f 
pa tients were compared by the Mann Whitney U tes ts  fo r non parametric 
data. Visual analysis o f gamma camera scans was compared by F isher's  
Exact te s t fo r  small numbers.
8.3 Results
Mean la b e llin g  e ffic ie n c y  o f 93.8 +_0.5 in  the contro l group was 
s im ila r to 92.3 0.7 in  the patients a fte r  patch angioplasty. A ll
pa tients had la b e llin g  e ff ic ie n c ie s  in  excess o f 90%. The a c t iv ity  
of U l ln  in jec ted  was s im ila r a t 236 +_. 13 and 225 + 15 uCi in  the 
control and patch groups respective ly .
8 .3 . i Gamma camera imaging
Visual analysis of gamma scans by an independent observer 
detected increased ra d io a c tiv ity  over the operated a rte ry  in  a ll 
pa tients a fte r  patch angioplasty (P late 4 .2 ). However, only 14 o f 23 
scans were regarded as pos itive  a fte r  d ire c t closure (p<0.05)
In a ll 33 pa tien ts , mean (+sem) counts from the operated a rte ry  
o f 4 4 .2 ^  2.6 were s ig n if ic a n t ly  higher than the con tra la te ra l non 
operated ca ro tid  at 36.4 +_'2.1 (p<0.001). Comparing patch 
angioplasty (Fig 8.1) and standard closure (Fig 8 .2 ), reference 
ca ro tid  counts were almost id e n tica l a t 36.9 +_ 3.8 and 36.1 + 2.5 
respective ly . Counts from the operated a rte rie s  were s ig n if ic a n t ly
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higher in  both groups a t 50.9 +_' 4.4 fo r  patch angioplasty (p<0.001) 
and 41.2 +_ 3.1 w ith  d ire c t suture (p<0.001).
8 .3 . i i  Carotid Uptake Ratio
Carotid Uptake Ratio, calcu lated a t 1.41 ■+_ 0.07 in  10 patients 
fo llow ing patch angioplajty (p<0.01), was s ig n if ic a n t ly  higher than S’- 
1.14 +_ 0.04 in  23 pa tien ts  a fte r  standard suture (Fig 8 .3 ) . There 
was no d iffe rence between mean CUR o f 1.47 +_ 0.17 fo llow ing vein 
patch in  4 patients and 1.37'+_ 0.07 fo llow ing 6 Dacron patch 
procedures.
8 .3 . i i i  Thrombogenicity Index
Mean T I, the d a ily  r is e  in  CUR which re fle c ts  the ra te o f 
p la te le t deposition, was 0.146 +_ 0.013 in  the 23 patients fo llow ing 
simple suture o f the arterio tom y. This was s ig n if ic a n t ly  higher w ith 
patch angioplasty a t 0.283 +_ 0.021 (p<0.001) (Fig 8 .4 ). S u rp ris ing ly  
TI was higher in  the 4 patients where autogenous vein was used to  
patch the arteriotom y a t 0.34 +_ 0.02 compared to  0.25 +_ 0.02 w ith 
Dacron (p<0.05). In a ll pa tients studied TI was greater than zero 
ind ica ting  a higher rate o f p la te le t accumulation over the 
endarterectomy compared to the reference.
8.4 Discussion
Most vascular surgeons use patch angioplasty occasionally to  
close the ca ro tid  arterio tom y, as in  most instances standard closure 
o f the endarterectomy provides an adequate a r te r ia l lumen (Thompson
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e t al 1970; Baker e t al 1983; Schutz e t al 1970). Patch angioplasty 
is  therefore reserved fo r  those patients in  whom the in te rna l ca ro tid  
a rte ry  is  narrow fo llow ing  endarterectomy, or a lte rn a tiv e ly  in  whom 
endarterectomy may be less than sa tis fa c to ry . The diameter o f the 
in te rna l ca ro tid  a rte ry  lumen would be expected to be smaller in  
women, however th is  was not the case in  th is  series. Fewer women 
(17%) than men (37%) required patch angioplasty but th is  did not 
reach s ta t is t ic a l s ign ificance .
These data demonstrate greater p la te le t accumulation a t the s ite  
o f patch angioplasty when compared to closure o f the arteriotom y by 
simple suture. This deposition o f rad io labe lled  p la te le ts  may be due 
to increased adhesion and aggregation from several fa c to rs . P la te le t 
deposition may be greater on the patch m ateria l during the formation 
o f a pseudo-intima p r io r  to healing or may be re la ted to the longer 
suture lin e  required w ith angioplasty. A lte rn a tiv e ly  increased 
p la te le t deposition may re s u lt from excessive widening o f the vessel 
which presents a greater luminal surface area fo r  p la te le t vessel 
wall in te ra c tio n .
Extreme widening o f the vessel may produce a s itu a tio n  s im ila r 
to  aneurysm formation. Layers o f laminated thrombus are commonly 
seen in  a the rosc le ro tic  aneurysms and the increased p la te le t 
accumulation w ith  patch angioplasty may represent a s im ila r process 
(P late 4 .1 ). This could account fo r  the inreased thrombogenicity 
recorded w ith vein patches. The numbers studied are too small to
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draw conclusions however vein patch angioplasty is  more prone to  
d ila ta t io n  and rupture (Katz e t al 1987). D isproportionate widening 
may contribu te  to greater p la te le t accumulation in  th is  group.
Widening o f the vessel by patch closure increases the volume o f 
blood in  the a r te r ia l lumen. This volume e ffe c t may re s u lt in  higher 
ra d io a c tiv ity  counts on gamma imaging and could be in te rp re ted  as 
vessel wall p la te le t deposition. Carotid Uptake Ratio is  ca lcu la ted 
from the ra d io a c tiv ity  detected by gamma camera over the operated 
a rte ry  compared to the non operated side. This includes a c t iv ity  
from rad io labe lled  p la te le ts  adhering to the a r te r ia l w a ll,  in  
add ition  to those which remain in  the c irc u la t io n , and CUR may be 
increased by such a volume e ffe c t. Thrombgenicity Index is  
ca lcu la ted from the rate o f change o f CUR and does not re f le c t  an 
iso la ted  reading. P ositive  values o f TI denote an increase in  CUR 
over the 3 days w ith a re la tiv e  increase in  gamma counts from the 
operated side compared to  reference. Presuming th a t any volume 
e ffe c t would remain constant over the three days o f each study, 
p la te le t accumulation on the a r te r ia l wall is  detected by 
Thrombogenicity Index, regardless o f the c irc u la tin g  ra d io a c t iv ity .  
Therefore the greater p la te le t deposition on the a r te r ia l wall a fte r  
endarterectomy is  confirmed by these resu lts  (Fig 8 .4 ).
The long term consequences o f p la te le t deposition in  re la tio n  to 
patch angioplasty remains obscure. Katz, using autogenous ve in , and 
Deriu w ith PTFE have both demonstrated th a t patch angioplasty
compares w ith standard endarterectomy in  respect to the incidence of 
operative stroke and subsequent freedom from neurological sequelae 
(Katz e t al 1987; Deriu e t al 1984). The v ir tu a l absence of 
restenosis claimed in  both series contrasts w ith the 12.5% reported 
in  a study comparing vein patch angioplasty and ca ro tid  b ifu rca tio n  
advancement (Curley e t al 1987). I t  is  possible th a t widening o f the 
vessel fa r  outweighs the factors o f turbulence or p la te le t deposition 
seen fo llow ing th is  procedure, however these series have only short 
fo llow  up to 24 months and do not report the incidence o f la te r  
stenosis which may be due to  recurrent atheroma.
8.5 Conclusions
An increase in  luminal p la te le t deposition has been demonstrated 
in  patients undergoing patch angioplasty closure compared to  standard 
endarterectomy. Published data suggests th a t widening o f the 
endarterectomy segment w ith e ith e r p ros th e tic  or vein patch reduces 
the incidence o f restenosis. Randomised t r ia ls  o f patch angioplasty 
and d ire c t suture should be performed before patch closure can be 
recommended ro u tin e ly  in  ca ro tid  surgery. Current theories l in k  
p la te le t-vesse l wall in te ra c tio n  and in tim a l hyperplasia, however the 
c lin ic a l importance o f postoperative p la te le t deposition measured by 
these methods is  unknown.
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SECTION III RESTENOSIS FOLLOWING CAROTID ENDARTERECTOMY
AND THE RELATIONSHIP TO POSTOPERATIVE 
PLATELET DEPOSITION
Chapter 9
The Incidence of Restenosis Following Carotid Endarterectomy
9.1 Introduction
Before non-invasive methods o f ca ro tid  assessment were developed 
restenosis a fte r  endarterectomy was seen most often in  pa tien ts w ith 
recurrent symptoms. In view o f the m orbid ity associated w ith 
angiography, asymptomatic patients were seldom studied (Maini e t al
1978). Recurrent stenosis was id e n tif ie d  only in  patients who 
developed symptoms or an audible ca ro tid  b ru it  and based on these 
c r i te r ia  very low rates o f restenosis were quoted in  reviews o f 
ca ro tid  endarterectomy (Thompson e t al 1970).
i
Following improvements in  non-invasive ca ro tid  assessment to 
determine restenosis, i t  became p rac tica l and e th ica l to  reexamine 
large numbers o f asymptomatic patients fo llow ing surgery (Roederer e t 
al 1983). This showed tha t restenosis occurs in  s ig n if ic a n t numbers 
o f asymptomatic pa tien ts fo llow ing endarterectomy, w ith the reported 
incidence ranging from 6-22% (Table 1 .1 ). In contrast restenosis 
associated w ith recurrent symptoms o f cerebrovascular in s u ffic ie n c y  
is  seen in  approximately 2% o f pa tients fo llow ing ca ro tid  surgery 
(Hertzer e t al 1979).
I t  is  the aim o f th is  study to determine the incidence o f 
restenosis fo llow ing ca ro tid  surgery using non-invasive methods and 
to  assess the occurence o f cerebrovascular symptoms in  these 
pa tien ts .
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9.2 Non Invasive Assessment of Carotid Stenosis
Non-invasive assessment o f the ca ro tid  a rte rie s  depends on 
e ith e r the in d ire c t measurement o f blood flow  in  the co lla te ra l 
c irc u la tio n  between the in te rna l and external ca ro tid  a rte rie s  or the 
d ire c t assessment o f blood flow  and v is u a lis a tio n  o f the ca ro tid  
b ifu rc a tio n . Carotid stenosis was o r ig in a lly  measured in d ire c t ly  by 
doppler sonography which assessed the d ire c tio n  o f blood flow  in  the 
opthalmic a rte rie s  but depended on a normal external ca ro tid  system 
(M uller 1972). Skin thermography, used as an index o f opthalmic 
a rte ry  perfusion pressure, id e n tif ie d  only 57% o f pa tien ts w ith 
in te rna l ca ro tid  stenosis o f greater than 50% (Capistrant & Gumnit 
1973). Oculo-plethysmo-graphy and subsequently oculopneumo­
plethysmography used the p e r io rb ita l a r te r ia l c irc u la tio n  to  measure 
the delay in  the a r r iv a l o f the a r te r ia l pressure wave (Kartchner, 
McRae & Morrison 1973; Gee, Mehigan & Wylie 1975). Unfortunately 
these in d ire c t methods id e n tif ie d  only the presence o f a haemo- 
dynamically s ig n if ic a n t stenosis. They were inaccurate in  the 
presence o f con tra la te ra l disease and were unable to  lo c a lis e  the 
s ite  o f obstruction .
D irec t assessment o f blood floW a t the ca ro tid  b ifu rca tio n  
in i t i a l l y  involved ca ro tid  phonoangiography w ith audiovisual analysis 
o f ca ro tid  b ru it  (Kartchner & McRae 1969). This was superceded by 
Doppler spectral analysis which measures the re fle c tio n  o f 
continuous-wave Doppler Ultrasound from red blood c e lls  (Spencer & 
Reid 1979).
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9 .2 . i Doppler spectrum frequency analysis
Continuous-wave (CW) Doppler Ultrasound uses u ltra  high 
frequency sound waves o f between 2 and 10 megahertz to insonate the 
a r te r ie s . The ultrasound is  re fle c te d  back from the moving red blood 
c e lls  a t a s l ig h t ly  d if fe re n t frequency from the emitted ultrasound 
due to  Doppler s h i f t .  This change in  frequency is  proportional to 
the blood v e lo c ity . The re la tion sh ip  between Doppler s h i f t  frequency 
and blood v e lo c ity  is  given by the equation:
Doppler s h i f t  frequency = 2 x F x V x CosA
■C .
where F = Frequency o f transm itted ultrasound 
V = V e loc ity  o f red c e lls
A = Angle o f inc iden t to  red c e ll path
C = V e loc ity  o f sound in  the medium
With increasing ly severe a r te r ia l narrowing blood v e lo c ity  in  
the s teno tic  segment r is e s , changing the Doppler s h i f t  frequency 
(Zweibel e t al 1982). Doppler spectral analysis produces a v isua l 
d isp lay o f audiofrequency inform ation and is  re la ted to  red ce ll 
v e lo c ity . A normal a r te r ia l Doppler spectrum has a peak frequency o f 
less than 4 kHz, w ith a narrow band o f raised frequencies in  systole
and a c lea r area beneath the s ys to lic  peak known as the spectral
window. The f i r s t  change in  the Doppler spectrum, detected w ith 
minor degrees o f stenosis, is  broadening o f the s y s to lic  peak. With 
moderate stenosis the spectral broadening increases u n til the 
spectral window disappears and progressively more severe lesions
137
produce an increase in the peak s y s to lic  frequencies as well as 
ra is ing  the normally low d ia s to lic  frequency (Spencer & Reid 1979).
D ista l to s teno tic  lesions blood flow  becomes tu rbu le n t and th is  
can be detected by frequency analys is. The narrow band of 
frequencies found in  a normal a rte ry  represents the blood v e lo c ity  
seen w ith laminar flow . In regions d is ta l to stenotic  les ions, 
turbulence is  detected as a loss o f high frequency d e fin it io n  and 
dampening o f the signal (Sheldon, Murie & Quin 1983). I t  is  
therefore possible to  use peak s y s to lic  freqency and changes in  the 
doppler spectrum to  accurately id e n tify  the degree o f stenosis in  the
ca ro tid  a rte rie s  (Langlois e t al 1983).
Representative images o f the ca ro tid  b ifu rca tio n  have been 
produced using continuous wave ultrasound. By attaching the CW probe 
to a pos ition  sensing arm, probe movement in  any d ire c tio n  is  
converted by computer onto a v isua l d isp lay. The frequency o f the
Doppler signals received are colour coded to id e n tify  areas o f
increased blood v e lo c ity  or turbulence and produce a continuous wave 
doppler image o f  the ca ro tid  b ifu rca tio n  (Hames e t al 1985). More
t
sophistocated pulsed-wave Doppler devices use a s ing le focused high 
frequency ultrasound beam which is  emmitted in  bursts or pulses. The 
time taken fo r  the re fle c tio n  o f sound waves to trave l back from red 
blood c e lls  can be used to ca lcu la te  vessel depth. Peak frequency 
analysis in  conjunction w ith  a pos ition  sensing arm and computer 
produces a flow  map o f the ca ro tid  a rte ry  (Murie, Sheldon & Quin
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1984). The disadvantages o f pulsed Doppler imaging are the time 
taken to  b u ild  up the image which requires the pa tien t to l ie  
absolute ly s t i l l  fo r  15 minutes. Poor Doppler signals are obtained 
i f  very high frequencies are involved and considerable operator 
experience is  required to obtain reproducible images.
9 .2 .i i  Duplex scanning
One o f the va ria tio n s  o f u ltrason ic  assessment is  Pulsed Echo 
Ultrasonography w ith  B-mode Ultrasound. As the ultrasound passes
through the tissue planes o f d if fe re n t acoustic density, a po rtion  o f
>'
the signal is  re flec ted  back to thd transducer a t each in te rfa ce .
The time delay between transmission and reception is  proportional to  
the distance from the probe to the tissue  in te rface  and can be 
displayed v is u a lly  on an oscilloscope. Brightness modulation (B- 
mode) demonstrates the in te n s ity  o f the echo at the acoustic 
in te rface  w ith the brightness o f the oscilloscope image ind ica tin g  
the d iffe rence between the densities o f the tissues (Blackshear e t al 
1979).
Real-time B-mode Ultrasound employs echo ultrasonography w ith  a 
ro ta ting  u ltrason ic  beam which sweeps through an arc, producing a 
sector scan which is  displayed on a video screen (P late 2 .6 ). This 
is  updated 50 times per second and moving images o f whole sections o f 
tissue  are obtained, d is tingu ish ing  the vessel wall and plaque w ith in  
the lumen (Fell e t al 1981). A therosc lero tic  plaques can be assessed
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fo r  consistency as s o ft ,  dense, mixed or c a lc if ie d  and u lce ra tion  can 
be id e n t if ie d  (O'Donnell e t al 1985) (P late 2 .7 ).
Doppler spectral analysis assesses only flow and v e lo c ity  o f 
blood in  the vesse l. I t  does not image the vessel wall and w il l  
often fa i l  to id e n tify  areas o f u lce ra tion  where flow may be reduced 
(Spencer & Reid 1979). Echo ultrasonography produces d ire c t images 
o f the a r te r ia l anatomy and may be used to  assess plaque morphology, 
but depends on tissue in te rfaces o f d if fe re n t dens ities . I t  may not 
d is tingu ish  between blood and thrombus which have s im ila r acoustic 
densities and therefore fa i l  to demonstrate complete occlusion o f the 
ca ro tid  a rte ry  by thrombus (Hobson e t al 1980).
Real-time B-mode imaging o f the a r te r ia l wall (Blackshear e t al 
1979) and flow  assessment w ith Doppler spectral analysis are combined 
to  avoid the shortcomings o f each technique and to produce Duplex 
ultrasound which is  now regarded as the optimal imaging technique fo r  
the ca ro tid  a rte ry  in  the non-invasive laboratory (Strandness 1984).
9.3 Patients and Methods
Two hundred and e igh t ca ro tid  endarterectomies were performed a t 
Charing Cross Hospital between 1978 and 1986 in  197 p a tie n ts , 11 
requ iring  b ila te ra l operation. There were 131 men and 66 women w ith 
mean age a t operation o f 62.3 years (39-83 y rs ) and 66.2 years (46-80 
y rs ) respective ly .
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The ind ica tions fo r  surgery is  summarised in  Table.9.1. Three 
pa tien ts underwent endarterectomy fo r  asymptomatic in te rna l ca ro tid  
a rte ry  stenosis as a prophylactic measure, two p r io r  to coronary 
a rte ry  bypass g ra ftin g  and one before repa ir o f an abdominal a o rtic  
aneurysm. Transient ischaemic attacks (TIA) or amaurosis fugax were 
the presenting feature in  116 patients (56%) and 66 pa tien ts (32%) 
had suffered a completed stroke. In 23 pa tients (11%) urgent 
endarterectomy was performed fo r e ith e r crescendo TIA or stroke in  
ev o lu t i on.
In a ll pa tients preoperative non-invasive assessment was 
performed p r io r  to arteriography w ith  standard or d ig ita l subtraction 
techniques. Carotid phonoangiography and oculoplethysmography were 
used in  the early years o f the series and la t te r ly  these were 
replaced by continuous.wave ultrasound and B-mode imaging.
A ll surgical procedures were ca rried  out under general 
anaesthesia w ith endotracheal in tubation  and assisted v e n t i la t io n .  
Continuous central venous and a r te r ia l pressures were monitored and 
blood pressure was maintained a t normal leve ls  during the operative 
and postoperative period. In pa tien ts w ith an in te rna l ca ro tid  stump 
pressure o f less than 50mm Hg or a non p u ls a tile  waveform, an 
in tra lum ina l Javid shunt was placed to  maintain cerebral perfusion. 
This was required in  53.5% o f cases. Endarterectomy was performed 
through a longditud ina l arteriotom y and d ire c t a r te r ia l repa ir 
performed in  the m a jo rity . In only 16.3% o f operations was the
141
INDICATION FOR OPERATION
Asymptomatic 3 ( 1 5 % )
TIA 116 (56%)
Establised Stroke 6 6  (32%)
Progressing Stroke or 23 ( 1 1 %) 
Crescendo TIA
Total 208 operations in 197 patients
Table 9.1 Symptoms precipitating carotid surgery
in 197 patients. Eleven patients required  
bilateral procedures.
CAUSE OF DEATH
Stroke 3
Ischaemic Heart 2 0  
Disease
Carcinoma 1
Unknown 9
Total 33
Table 9.2 Cause of death following carotid surgery. 
More than 60% of patients undergoing 
carotid surgery suffer fatal myocardial 
infarction.
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o r ig in  o f the in te rna l ca ro tid  a rte ry  thought to  be s u f f ic ie n t ly  
narrow to required vein or dacron patch angioplasty.
A ll pa tients were followed a t 6 monthly in te rva ls  fo r  2 years 
and annually th e re a fte r. At each v i s i t  the absence or occurence o f 
cerebrovascular symptoms was established and restenosis f in a l ly  
assessed during the period 1985-1986 by continuous wave ultrasound 
and B-mode Duplex imaging.
9 .3 .i  Method o f non-invasive ca ro tid  assessment
Doppler spectral analysis was recorded by Vasoscan (8220-6901, 
Sonicaid Ltd , Chichester, England) using a 4 MHz pencil probe (8200- 
6941, Sonicaid Ltd) comprising a dual c rys ta l lens-focusing 
transducer which both transm its and receives u ltrason ic  waves. 
Patients were examined ly in g  supine on an examination couch w ith a 
p illo w  under the head, chin up and the head turned s l ig h t ly  away from 
the side to  be examined. A lib e ra l amount o f Aquasonic 100 acoustic 
j e l l y  (0341-0001-08, Sonicaid Ltd) was applied and the probe 
positioned low in  the neck a t 60° angle to the body ax is , id e n tify in g  
the common ca ro tid  a rte ry . The probe is  then moved cephalad to  
examine the b ifu rca tio n  and then each o f the in te rna l and external 
ca ro tid  a rte rie s  are insonated.
Following Doppler spectral ana lys is, Duplex imaging was 
performed using a Vasoveiw imaging system (8230-8501, Sonicaid Ltd) 
f i t t e d  w ith a 7.5 MHz Duplex probe (8230-8025, Sonicaid L td ). Scans
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were performed in  the long itud ina l planes from the common ca ro tid  
a rte ry  in  the base o f the neck to the most d is ta l po in t which allowed 
v is u a lis a tio n  o f the in te rna l ca ro tid  a rte ry . Images were recorded 
d ire c t ly  from the v isua l disp lay on po lariod photographs (P late 4 .1 ).
In th is  study ca ro tid  a rte ry  stenosis was assessed by continuous 
wave ultrasound and then confirmed by Duplex imaging. Peak s y s to lic  
frequencies o f  less than 4kHz represented in s ig n if ic a n t stenosis o f 
less than 50% diameter reduction. Frequencies from 4-6 kHz denoted 
stenosis o f between 50 and 75% and higher recording in  excess o f 
6.0kHz demonstrated stenosis o f between 75 and 99%. Absence o f a 
recordable signal was consistant w ith to ta l occlusion (Spencer & Reid
1979). Confirmation o f these find ings were established w ith Duplex 
imaging expressing the diameter reduction as a percentage o f the 
normal a r te r ia l diameter e ith e r proximal or d is ta l to the stenosis. 
The acoustic echoes o f s teno tic  lesions were graded as s o ft , hard or 
c a lc if ie d  (O'Donnell e t al 1985).
Restenosis in  the ca ro tid  a rte rie s  were therefore c la s s if ie d  as 
in s ig n if ic a n t from (0-50%), moderate (50-75%), severe (75-99%) or 
complete occlusion.
9.4 Results
Of 197 pa tients in  the series, 33 pa tien ts (16.7%) died during 
the fo llow  up period o f mean 35.3 months which extended from 1 to  8
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years. Only 3 deaths followed stroke (Table 9 .2 ). Twenty deaths 
were re la ted to  myocardial ischaemia and su rv iva l, ca lcu la ted by l i f e  
tab le  analys is, was 93% a t one year, 83% a t three years and 62% a t 
f iv e  years.
9 .4 .i Incidence o f restenosis
One hundred and th i r t y  three pa tien ts  were ava ilab le  fo r study 
in  an 18 month period 1985-1986, allow ing non-invasive ca ro tid  
asessment to  be performed on 139 a r te r ie s . Eighteen a rte rie s  in  17 
patients (12.9%) were found to have Tate restenosis or occlusion, in  
11 men and 6 women. One male p a tien t was found to have restenosis on 
both sides a fte r  staged b ila te ra l endarterectomy. There was no 
d iffe rence in  age, smoking s ta tus, hypertension or presenting 
symptomatology between patients who developed restenosis and those 
who remained w idely patent. S im ila rly  the incidence o f restenosis 
was no higher in  patients who required in tra lum ina l shunting or patch 
angioplasty. Restenosis was no more common in  female pa tien ts  a t 
12.5% (6/48) compared to 12.1% (11/91) in  males. Of the 11 pa tien ts 
who required b ila te ra l primary ca ro tid  endarterectomy, 6 were 
reexamined, 3 developed restenosis but only one on both sides.
Restenosis in  pa tien ts requ iring ca ro tid  surgery fo r  TIA was 
seen in  10 o f the 66 patients (15.1%) and in  6 o f the 51 pa tien ts  
presenting w ith stroke (11.8%). Restenosis was not seen fo llow ing  23 
ca ro tid  endarterectomies fo r stroke in  evo lu tion or crescendo TIA 's 
(Table 9 .3 ).
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9 .4 .i i  Restenosis re la ted to  neurological symptoms
One hundred and fourteen patients were found to be asymptomatic 
a t fo llow-up w ithout evidence o f ca ro tid  restenosis on non-invasive 
assessment.
Asymptomatic
Restenosis was found in  15 a rte rie s  (10.8%) fo llow ing 
endarterectomy w ithout associated neurological symptoms. Three were 
found to  have complete occlusion. One p a tie n t, a fte r  b ila te ra l 
procedures, developed a high grade 75-99% stenosis on one side and a 
moderate 50-74% on the other. The remaining 10 cases had only 
moderate stenoses o f 50-74%.
Symptomatic
Only 3 patients (2.1%) developed neurological symptoms 
associated w ith  restenosis. A female p a tien t developed recurrent 
amaurosis fugax 26 months fo llow ing surgery and despite reoperation 
w ith  Dacron patch angioplasty, suffered fu rth e r restenosis associated 
w ith amaurosis fugax 9 months a fte r  the second procedure. Subsequent 
symptoms were con tro lled  on p la te le t in h ib ito ry  therapy and she is  
stroke free 4 years la te r .  A male pa tien t suffered an ip s ila te ra l 
stroke 33 months a fte r  endarterectomy corresponding to  a recurrent 
75-99% restenosis and con tra la te ra l occlusion. At reoperation a good 
early  re s u lt was obtained w ith a reversed saphenous vein g ra f t  but 
a fte r  6 months th is  had also undergone severe restenosis (75-99%) in  
association w ith recurrent ip s ila te ra l T IA 's . These have been
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successfully con tro lled  w ith  p la te le t in h ib ito ry  therapy. A th ird  
symptomatic pa tie n t suffered TIA re la ted to  a severe restenosis (75- 
99%), 25 months fo llow ing surgery. Her symptoms have been conto lled 
by a standard p la te le t in h ib ito ry  regimen o f asp irin  and dipyridamole 
w ithout fu rth e r surgery. Both patients who underwent reoperation fo r  
symptomatic restenoses progressed to fu r th e r, s ig n if ic a n t, 
symptomatic narrowing a fte r  the second procedure.
Neurological symptoms without restenosis
Seven pa tients developed la te  neurological symptoms fo llow ing 
endarterectomy w ithout evidence o f postoperative restenosis both on 
non invasive assessment and d ig ita l subtraction angiography. 
Ip s ila te ra l ca ro tid  te r r i to r y  TIA occured in  4 pa tien ts , 2 o f whom 
had con tra la te ra l ca ro tid  occlusion and one fo llow ingJacron  patch 
angioplasty. Three fu ther patients demonstrated non-focal vascular 
events, one w ith co n tra la te ra l TIA’ and two patients suffered 
con tra la te ra l hemispheric stroke a t 5 months and 5 years a fte r  
surgery.
9.5 Discussion
The incidence o f recurrent stenosis fo llow ing ca ro tid  
endarterectomy in  th is  series is  s im ila r to  other reports o f non- 
invasive assessment (Colgan et al 1984; Glover e t al 1985; Ackroyd e t 
al 1986). The overall ra te o f restenosis was high at 12.9% however 
symptomatic restenosis was seen in  only 3 patients (2.1%). This may 
re f le c t the smooth surface o f the a rte ry  narrowed by in tim a l
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hyperplasia which is  u n like ly  to  give rise  to  thrombo-embolic events 
(Cossman e t al 1978). Although the 3 pa tien ts  developed symptomatic 
restenosis a ll did so a fte r  24 months, i t  is  not known i f  these were 
due to recurrent atheroma as suggested by Stoney and S tring (1976).
The management o f those patients who develop restenosis 
fo llow ing ca ro tid  surgery remains uncerta in. The low incidence o f 
symptomatic recurrence demonstrated in  th is  and other series would 
suggest th a t asymptomatic patients should not undergo reoperation 
(N icho lls  e t al 1986). Although a proportion o f  asymptomatic 
pa tien ts w ith primary' atheromatous lesions o f the ca ro tid  a rte rie s  
may go on to develop neurological symptoms which require surgical 
in te rven tion  (Humphries e t al 1976) th is  has not been proven in  
patients w ith recurrent asymptomatic stenosis (Aldoori & Baird 1987). 
Operative treatment is  te ch n ica lly  more d i f f i c u l t  and i t  may be 
impossible to  id e n tify  an endarterectomy plane between the vessel 
wall and the resteno tic  lesion (Cossman e t al 1978). In these 
circumstances patch angioplasty or in te rp o s itio n  vein g ra f t  may be 
required (Das e t al 1985).
This study has fa ile d  to id e n tify  factors predisposing to  
restenosis. Women have been found more susceptible to  restenosis but 
th is  was not confirmed in  the present series (N icho lls  e t al 1986). 
S im ila rly  there was no higher rate o f restenosis in  smokers, 
d iabetics or hypertensive pa tien ts . The p re d il ic t io n  o f the 
ind iv idua l to  develop restenosis has been demonstrated. One p a tien t
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had b ila te ra l asymptomatic restenosis and two patients w ith 
symptomatic restenosis progressed to fu rth e r symptomatic narrowing 
a fte r  reoperation.
9.6 Conclusions
This series demonstrates experience s im ila r to tha t published 
from other centres. Restenosis fo llow ing ca ro tid  endarterectomy 
occurs in  approximately 13 percent o f pa tients but as ye t no 
predisposing factors have been id e n t if ie d . In the m a jo rity  o f cases 
restenosis is  not associated w ith recurrent cerebrovascular symptoms 
and i t  seems appropriate to tre a t these pa tien ts conserva tive ly. I t  
appears tha t those few patients who become symptomatic in  association 
w ith restenosis, are l ik e ly  to  develop fu rth e r restenosis fo llow ing 
co rrec tive  surgery.
Duplex scanning is  a re lia b le  method o f measuring ca ro tid  
stenosis and may be used in  prospective t r ia ls  inves tiga tin g  the 
incidence and cause o f restenosis fo llow ing endarterectomy.
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Chapter 10
The Relationship between P late le t Deposition and Restenosis
following Carotid Endarterectomy
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10.1 Introduction
Although several authors have suggested th a t restenosis 
fo llow ing ca ro tid  endarterectomy is  mediated by p la te le ts , there is  
l i t t l e  d ire c t evidence to  support th is  theory (Thomas e t al 1984; Das 
e t al 1985; Ackroyd e t al 1985). However there is  experimental data 
from animal models showing th a t areas o f damaged endothelium are 
i n i t i a l l y  covered w ith p la te le ts  and subsequently, the intim a becomes 
thickened (Groves e t al 1982). Evidence from in  v i t r o  studies showed 
th a t substances such as p la te le t derived growth factors stim ulate 
vascular smooth muscle p ro life ra t io n  in  ce ll cu ltu re  but p la te le t 
adhesion has not been confirmed as the cause o f th is  in tim a l reaction 
(Ross 1985). In pa tien ts , the rate o f rad io labe lled  p la te le t 
deposition was found to p red ic t fa ilu re  o f fem oro-popliteal g ra fts  
(Goldman e t al 1983a) however th is  may simply re f le c t  the d ifferences 
in  thrombogenicity and patency between venous and p rosthe tic  g ra fts .
In order to investiga te  the re la tion sh ip  between p la te le t 
deposition and restenosis a fte r ca ro tid  endarterectomy, a method o f 
assessing in  v ivo  p la te le t accumulation is  required in  humans. The 
techniques o f ra d io lab e lling  v iab le  p la te le ts  w ith  external detection 
o f thrombus accumulation, seem to be appropriate to  th is  problem and 
the data reported in  previous chapters support th is .  Accurate 
assessment o f restenosis, by non-invasive u ltrason ic  methods, makes 
i t  e th ic a lly  possible to  re investiga te  large numbers o f asymptomatic 
pa tien ts .
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This chapter examines the re la tion sh ip  between postoperative 
p la te le t accumulation, measured as Carotid Uptake Ratio and 
Thrombogenecity Index, in  the early  postopertive period and the 
subsequent development o f restenosis a t the s ite  o f endarterectomy, 
one year a fte r  surgery.
10.2 Patients and Methods
Forty pa tients undergoing endarterectomy fo r  symptomatic ca ro tid  
disease were studied. Endarterectomy was performed under general 
anaesthesia and 5000 un its  o f sodium heparin were administered p r io r  
to  clamping the ca ro tid  a r te r ie s . In 30 patients the arteriotom y was 
sutured d ire c t ly  and in  10 patients a patch was used to  avoid 
postoperative narrowing.
10 .2 .i P la te le t uptake
On the second postoperative day autologous p la te le ts  were 
lab e lled  w ith 200uCi Indium oxine, by the method described in  chapter 
4, and re in jected  (Hawker e t al 1980). Gamma camera images were 
obtained on the second, th ird  and fou rth  postoperative days and 
p la te le t deposition calcu la ted as Carotid Uptake Ratio (CUR) and 
Thrombogenicity Index (T I) .
10 .2 .i i  Luminal narrowing
The patients were followed up a t 3 monthly in te rv a ls  u n t i l  one 
year a fte r  surgery when the ca ro tid  a rte ry  was examined fo r 
restenosis using continuous-wave ultrasound and Duplex imaging (P late
153
4 .3 ). Images of the common and in te rna l ca ro tid  a rte rie s  were 
obtained in  2 lon g itud ina l planes. I n i t i a l ly  the vessels were 
examined in  an an tero -posterio r view w ith the probe placed medial to 
the a n te rio r border o f sternomastoid. The a rte rie s  were then scanned 
la te ra l ly  from the pos te rio r tr ia n g le  behind the sternomastoid. This 
view improves v is u a lis a tio n  o f the in te rna l ca ro tid  a rte ry  in  obese 
patients (Plate 4 .4 ).
The degree o f luminal narrowing was measured by comparison to 
the normal a rte ry  e ith e r proximal or d is ta l to a stenosis. The 
vessel diameter was calcu la ted autom atically as the distance between 
2 cursors placed on the inner aspect o f the a r te r ia l w a ll. 
Measurements from the normal a rte ry  were compared w ith the luminal 
diameter a t the region of stenosis and expressed as a percentage 
(P late 4 .5 ). The average diameter reduction from the a n te rio r and 
la te ra l readings were recorded as the percentage luminal narrowing to 
the nearest 10 percent. A ll patients were evaluated and c la s s if ie d  
as 0, 10, 20, 30,...100% luminal narrowing.
10 .2.i i i  S ta t is t ic a l analysis
A ll resu lts  o f luminal narrowing, Carotid Uptake Ratio and 
Thrombogenecity Index in  the various groups were compared by the 
Mann-Whitney U te s t fo r  non parametric data. The co rre la tio n  between 
p la te le t deposition, measured as CUR and T I, and subsequent narrowing 
a t one year was calcu la ted by lin e a r regression.
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Plate 4
\
4.1 Composite Duplex image of the common carotid artery  
following patch angioplasty using autogenous vein. The 
proximal common carotid artery (CCA) is of normal calibre 
however distally, at the level of endarterectomy and vein 
patch repair (PA) ,  the artery has become dilated.
4.2 Gamma image recorded 72 hours after right carotid 
endarterectomy and patch angioplasty. Intense platelet 
accumulation is seen at the site of operation.
4.3 Restenosis in the proximal internal carotid a rtery . This 
lesion was firs t detected 6 months after operation and 
confirmed at one year. Using biplanar Duplex imaging, 
this was measured at 60% diameter reduction.
4.4 Lateral view of the carotid bifurcation. The cursor is 
positioned in the proximal internal carotid artery  which 
has been widened by patch angioplasty. The external 
carotid is visible below the ICA and the normal Doppler 
frequency analysis confirms a widely patent arte ry .
4.5 Measurement of arterial diameter. Cursors placed across 
the width of the common carotid artery (CCA) and 
internal carotid artery  ( ICA) measure the diameters at 
7.3mm and 6.4mm respectively. Percentage luminal narrowing 
can be assessed by these techniques.
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10.3 Results
10.3.i Carotid p la te le t accumulation
Mean (+_ sem) Carotid Uptake Ratio in  a ll 40 patients was 1.25 +_ 
0.03 (range 0.81 to  1.99) w ith mean Thrombogenicity Index calcu la ted 
a t 0.19 _+ 0.01 (range 0.01 to 0 .4 ). Median CUR and median TI were
1.25 and 0.18 respective ly .
10 .3 .i i  Luminal narrowing
Overall mean luminal narrowing was measured at 22.3 +_ 3.5 (range 
0-90%). Postoperative in te rn a l ca ro tid  a rte ry  occlusion was not seen 
in  th is  group. Seven patients (17.5%) were found to have ca ro tid  
restenosis o f greater than 50 percent but in  only one pa tie n t was a 
severe restenosis o f 90% id e n t if ie d . Six o f these stenoses were 
id e n t if ie d  in  the in te rna l ca ro tid  a rte ry  and one was seen in  the 
common ca ro tid  a t the proximal extent o f the endarterectomy. Of the 
10 patients treated by patch angioplasty, 3 were found to have 
developed restenosis a t one year. In 9 patients the ca ro tid  a rte rie s  
were w idely patent w ithout any evidence o f restenosis and these were 
c la s s if ie d  a t 0 percent. In three o f these 9 patients d ila ta t io n  of 
the in te rna l ca ro tid  a rte ry  was found fo llow ing patch angioplasty and 
fo r analysis these were recorded as 0% luminal narrowing. The 
remaining 22 patients were found to have minor degrees o f in tim a l 
thickening which were recorded at between 10 and 40% luminal 
narrowing.
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10.3 .i i i  P la te le t accumulation re la ted to subsequent 
luminal narrowing
In those patients where CUR was above the median o f 1.25, the 
subsequent mean luminal narrowing was 29.5 _+ 5.9 percent compared to
15.0 +_ 3.1% when the ra t io  was in  the lower h a lf  o f the range. This 
fa ile d  to  achieve s ign ificance  (Fig 10.1). With Thrombogenicity 
Index however, mean luminal narrowing was 30.0 j \ 5.6% in  pa tien ts  
above the median o f 0.18 and th is  was s ta t is t ic a l ly  higher than 14.5 
+_ 3.7% from those below the median value (p<0.05) (Fig 10.2).
In those 7 patients found to have stenosis o f greater than 50% 
at one year, CUR was s ig n if ic a n t ly  higher a t 1 .4 7 + 0 .1 0  compared to
1.20 hh 0.03 in  the remaining 33 patients w ith  luminal narrowing o f 
between 0 and 40% (p<0.02) (Fig 10.3). S im ila rly  T I, measured in  the 
early  postoperative period was increased in  the patients w ith greater 
than 50% stenosis a t 0 .2 7 >  0.03 compared to 0.17 +_ 0.01 in  the 
patients w ith widely patent vessels (p<0.01) (Fig 10.4).
There was a po s itive  co rre la tio n  (r= 0 .53) between Carotid Uptake 
Ratio and the degree of subsequent luminal narrowing measured one 
year a fte r  surgery (p<0.001) (Fig 10.5). The co rre la tio n  between TI 
and subsequent luminal narrowing was s im ila r in  a ll 40 pa tien ts  w ith  
r=0.41 (p<0.02) despite the wide spread ofthe data (Fig 10.6). This 
improved to  r=0.45 when those patients who had required patch 
angioplasty were excluded (p<0.02) (Fig 10.7).
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Figure 10.1 There was no statistical difference in luminal 
narrowing between those patients with CUR 
results above and below the median of 1.25.
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Patients with Thrombogenicity Index 
above the median of 0.18 were found 
to have a greater degree of luminal 
narrowing compared to those in the 
lower half of the range.
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Figure 10.3 Postoperative CUR was statistically higher 
in those patients found to have developed 
restenosis of greater than 50 percent.
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Figure 10.4 Retrospective analysis of patients with significant 
restenosis showed these to have had increased 
postoperative platelet uptake measured by 
Thrombogenicity Index.
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Figure 10.5 There was a direct correlation between 
CUR measured 72 hours after surgery  
and the development of luminal narrowing 
in all 40 patients.
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Figure 10.6 Thrombogenicity Index was related to the
development of subsequent luminal narrowing 
in all 40 patients studied.
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Figure 10.7 The ten patients who required patch angioplasty 
may represent a subgroup with high 
thrombogenicity and low rates of restenosis.
In 30 patients postoperative T I after standard 
endarterectomy showed an improved correlation 
to subsequent luminal narrowing.
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10.4 Discussion
These resu lts  ind ica te  tha t there is  an association between the 
postoperative accumulation o f p la te le ts  on the a r te r ia l wall a fte r  
endarterectomy and the subsequent dev elopement o f luminal narrowing. 
Although i t  has previously been suggested th a t th is  re la tionsh ip  
exs is ts , there was l i t t l e  or no evidence in patients a fte r  ca ro tid  
endarterectomy (Stoney & S tring 1976; Ross 1985; Das e t al 1985). 
Postoperative thrombogenicity has been found to  p red ic t g ra f t  fa ilu re  
in  fem oro-popliteal bypasses but th is  may be explained by increased 
p la te le t uptake in  p ros the tic  g ra fts  compared to  autogenous vein 
(Goldman e t al 1983a). G ra ft fa ilu re  is  more common w ith  synthetic 
m ateria ls and may be independent o f p la te le t k in e tics  i f  other 
factors outweigh the e ffec ts  of thrombogenicity. In add ition  the 
mechanism o f g ra f t  fa i lu re ,  w ith progressive accumulation o f 
p la te le ts  and formation o f a pseudo-intima on prosthe tic  g ra fts , 
d if fe rs  from the c e llu la r  p ro life ra t io n  which causes in tim a l 
hyperplasia.
The s ign ificance  o f raised leve ls  o f CUR and TI fo llow ing 
ca ro tid  endarterectomy has not been established. As ye t in s u ff ic ie n t 
numbers have been studied fo r the range of these values to  be 
calculated and therefore these data have been analysed in  2 groups, 
above and below the median values. This shows only a trend towards 
greater luminal narrowing w ith CUR, but a s ig n if ic a n t increase in  
patients w ith higher thrombogenicity.
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I t  was also possible to analyse the resu lts  o f postoperative 
p la te le t accumulation in  patients who subsequently developed 
s ig n if ic a n t restenosis of greater than 50% diameter reduction. This 
group o f 7 patients had s ig n if ic a n t ly  higher leve ls  o f CUR and TI in  
the early  postoperative period compared to those patients in  whom the 
a rte rie s  remained widely patent.
Not su rp ris in g ly  the lin e a r co rre la tio n  between Carotid Uptake 
Ratio or Thrombogenicity Index and luminal narrowing was poor as many 
other components must con tribu te  to restenosis (Figs 10.5-7). This 
may be skewed by factors which are known to a lte r  e ith e r thrombo­
ge n ic ity  or luminal narrowing. Patch angioplasty a ffec ts  both o f 
these measurements w ith increased thrombogenicity, compared to  d ire c t 
suture (Chapter 8 ), while preventing restenosis (Katz e t al 1987).
By excluding these and considering only the 30 pa tients in  whom the 
arteriotom y was d ire c t ly  sutured, the co rre la tio n  between TI and 
luminal narrowing improved.
The non invasive techniques, used to evaluate the degree o f 
restenosis in  th is  series, assess the in te rna l diameter o f the vessel 
lumen (Thomas e t al 1984). Minor luminal narrowing was demonstrated 
anatomically by B-mode ultrasound and Doppler frequency analysis was 
used to  confirm increased blood v e lo c ity  in  more severe restenosis 
(Hames e t al 1984). These measurements o f luminal narrowing re f le c t  
the degree o f in tim a l hyperplasia in  the a r te r ia l w a ll. In some 
cases i t  is  possible to  v isu a lise  the external wall o f the a rte ry  and
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measure the thickness o f the in tim a l layer (Plate 2 .7 ). This is  not 
always sa tis fa c to ry  as the plane between the adven titia  and the 
surrouding connective tissue may be o b lite ra te d  (Plate 4 .3 ).
Using bip lanar imaging, pa tients have been c la s s if ie d  in to  
lesser degrees o f luminal narrowing, between 10 and 40 percent as 
well as more severe restenosis from 50 to 90%. In add ition , 9 
pa tien ts were found to have no evidence o f luminal narrowing and in  3 
pa tien ts , fo llow ing patch angioplasty, marked d ila ta t io n  o f the 
in te rna l ca ro tid  a rte ry  was discovered (P late 4 .1 ). The comparative 
diameters o f these a rte rie s  were fa r greater than those seen in  a 
normal ca ro tid  bulb however normal blood flow  was confirmed by 
Doppler spectral analysis in  these cases. Patch angioplasty may 
prevent restenosis but excessive widening may adversely a ffe c t 
laminar flow  and account fo r the greater p la te le t accumulation seen 
a fte r  th is  type o f re p a ir.
10.5 Conclusion
Duplex imaging has been used to  id e n tify  minor degrees o f 
luminal narrowing and more severe restenosis. P la te le t accumulation 
measured in  the early  postoperative period fo llow ing ca ro tid  
endarterectomy seems to recognise those pa tien ts a t r is k  o f 
developing luminal narrowing. This would suggest tha t p la te le ts  are 
associated w ith the processes which produce in tim a l hyperplasia and 
restenosis.
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SECTION IV DISCUSSION
Chapter 11
Discussion and Conclusions
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11.1 Measurement of Platelet-Yessel Wall Interaction
The hypothesis investigated in  th is  thesis was th a t p la te le t 
deposition in the ca ro tid  a rte ry  re la ted  to the development of 
in tim a l hyperplasia and restenosis fo llow ing endarterectomy.
P la te le t deposition is  thought to be the in i t i a l  step in  the process 
o f tissue repa ir and these data confirm th a t p la te le ts  accumulate 
a fte r  endothelial trauma in  rabb its  and fo llow ing ca ro tid  
endarterectomy in  pa tien ts . In the ra b b it model p la te le t 
accumulation was detected on the a r te r ia l wall w ith in  48 hours o f 
endothelia l trauma and confirm the resu lts  o f s im ila r experiments 
(Crowley & Pierce 1981). In pa tien ts , p la te le t uptake was measured 
from the second to the fourth  postoperative days and expressed as 
Carotid Uptake Ratio and Thrombogenicity Index.
Carotid Uptake Ratio is  synonymous w ith the Deposition Index 
described by S tra tton and represents an iso la ted  comparison between 
the operated a rte ry  and the con tra la te ra l reference side (S tra tton  e t 
al 1987). In the present se ries , radiolabell.ed p la te le ts  
were in jec ted  a t 48 hours and CUR was calcu la ted 72 hours a fte r  
surgery. S tra tton and colleagues infused rad io labe lled  p la te le ts  
w ith in  1 hour o f arteriotom y closure and measured p la te le t deposition 
at 24 hours. They cons is ten tly  demonstrated p la te le t accumulation at 
th is  stage but fa ile d  to detect any change in  the in te n s ity  o f 
p la te le t a c t iv ity  between th is  early  measurement and subsequent 
recordings up to 96 hours fo llow ing surgery. By introducing
rad io labe lled  p la te le ts  a t 48 hours and measuring CUR a t 72 hours,
. . .
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sustained p la te le t accumulation has been id e n tif ie d  at the s ite  o f 
endarterectomy a fte r  the intense, ea rly , collagen mediated 
aggregation. These delayed studies id e n tify  smaller changes in  loca l 
p la te le t a c t iv ity  which may be obscured by the early intense 
deposition. This i n i t i a l  p la te le t adherence is  in  response to  the 
exposure o f collagen w ith  secondary deposition resu lting  from the 
aggregation o f c irc u la tin g  c e lls  to the p la te le ts  already attached to 
the a r te r ia l w a ll. The co llag e n -p la te le t response is  complete w ith in  
minutes o f estab lish ing blood flow however the studies in  these 
patients re fle c ts  the balance between the accumulation and 
dissaggregation o f c irc u la tin g  p la te le ts  a t the s ite  o f 
endarterectomy (Baumgarten 1973). The rate o f th is  p la te le t 
accumulation has been measured over 3 days and expressed as 
Thrombogenicity Index which re fle c ts  the in te n s ity  o f p la te le t 
deposition over th is  period (Goldman e t al 1982a). P la te le t-vesse l 
wall in te ra c tio n  is  thought to continue from the time o f arteriotom y 
closure when flow  is  reestablished u n t il healing has produced a 
neointimal lin in g  (Reidy e t al 1983). Although Thrombogenicity Index 
only assesses p la te le t a c t iv ity  over th is  short 3 day period i t  has 
been used to compare the rate o f p la te le t accumulation in  d if fe re n t 
groups o f pa tien ts .
Visual and computer analysis by gamma imaging have been shown to  
be the most appropriate method fo r  the id e n t if ic a t io n  o f p la te le t 
uptake in  the ca ro tid  a rte rie s  (Powers 1984) as probe counting proved 
d is-appointing in  the detection o f ca ro tid  thrombogenicity. Despite
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carefu l probe geometry, background a c t iv ity  from the blood pool in  
the tissues o f the neck may be too great to allow consistent 
detection o f small changes in  ca ro tid  ra d io a c tiv ity . Gamma imaging 
techniques were able to  cons is ten tly  measure p la te le t uptake over the 
endarterectomy segment however gamma camera d e fin it io n  fa ile d  to 
d iffe re n tia te  between p la te le t uptake in  the common and in te rna l 
ca ro tid  a r te r ie s . In a l l  pa tients studied, endarterectomy was 
extended in to  the common ca ro tid  a rte ry  and in  some cases fo r  more 
than 2cms proximal to  the b ifu rc a tio n . This portion  of the 
endarterectomy represents a la rg e r surface area than the in te rna l 
ca ro tid  a rte ry  and a greater pa rt o f the p la te le t aggregation w i l l  
occur in  th is  region. Current concepts suggest tha t aggregating 
p la te le ts  in i t ia t e  smooth muscle hyperplasia by the release o f growth 
fac to rs  d ire c t ly  in to  the subendothelium which then act lo c a lly  to 
stim ulate c e llu la r  p ro life ra t io n  (Goldberg e t al 1980; Ross 1985).
I f  th is  is  tru e , p la te le t  uptake detected in  the common ca ro tid  
a rte ry  would be u n like ly  to  d ire c t ly  a ffe c t the development o f 
in tim a l hyperplasia in  the in te rna l ca ro tid  a rte ry . However, 
endarterectomy of the common ca ro tid  a rte ry  may ac tiva te  c irc u la t in g  
p la te le ts  such th a t they were more l ik e ly  to  aggregate downstream on 
the in te rna l ca ro tid  a rte ry  (McCollum 1981) and could therefore 
increase in te rna l ca ro tid  thrombogenicity and re su ltin g  in tim a l 
hyperplasia.
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11.2 Factors A ffec tin g  Carotid P la te le t Uptake
In comparison to vascular prostheses which continue to  
accumulate p la te le ts  throughout th e ir  l i f e  (S tra tton e t al 1982), the 
absence of p la te le t accumulation two months a fte r  operation suggests 
th a t the ca ro tid  a rte ry  has healed to  a confluent endothelium by th is
' r -  '
time. This agrees w ith the small h is to lo g ica l reports where the 
endarterectomy has been shown to heal by about 30 days fo llow ing  
surgery (D irrenberger & Smidt 1978). P la te le t accumulation was not 
id e n t if ie d  on the operated a rte rie s  10 days a fte r  surgery in  pa tients 
undergoing staged b ila te ra l endarterectomy and th is  suggests tha t 
p la te le t deposition has resolved a t th is  e a r lie r  stage (Lusby e t al 
1983). Although regeneration of true endothelium has not been 
reported in  pa tien ts , evidence from animal models suggest th a t the 
neointimal l in in g  o f smooth muscle c e lls ,  which forms a fte r  
endarterectomy, develop a secretory, an ti-th rom botic  function  (Groves 
e t al 1982).
Systemic p la te le t in h ib it io n  w ith a standard regimen o f asp irin  
plus dipyridamole reduced ca ro tid  thrombogenicity in  pa tien ts . This 
presumably a ffec ts  the thromboxane mediated p la te le t aggregation by 
in te rup tio n  of arachidonic acid metabolism (Packham & Mustard 1980). 
Local prostacyc lin  a c t iv ity  is  thought to  dim inish the p la te le t 
response on the subendothelium fo llow ing  the passage o f a balloon 
catheter compared to formal endarterectomy (Crowley & Pierce 1981) 
but the estim ation o f loca l p rostacyc lin  production and the e ffe c ts  
o f cyclo-oxygenase in h ib it io n  fo llow ing  endarterectomy have y e t to  be
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investiga ted . Although p la te le t in h ib ito ry  therapy has widespread 
app lica tions in  vascular surgery (Kohler e t al 1984), i t s  use in  
ca ro tid  surgery has always been on an em piric le  basis (Edwards e t al 
1985). No studies to  date have demonstrated a reduction in  p la te le t 
a c t iv ity  or lower rates o f restenosis w ith these drugs (Glover e t al 
1985). Whether or not p la te le t in h ib it io n  influences the incidence 
o f restenosis fo llow ing  ca ro tid  endarterectomy requires to be 
investigated in  a randomised, con tro lled  t r i a l .
Local factors which increase p la te le t aggregation are thought to 
be those which produce turbulence or low flow  states (Zarins e t al 
1982). This may re s u lt from operative errors such as in tim a l flaps 
or areas o f narrowing in  the a r te r ia l repa ir which in te rfe re  w ith  
laminar flow (De Palma e t al 1977). Widening o f the a r te r ia l repa ir 
by patch angioplasty c e rta in ly  enlarges the o r ig in  o f the in te rna l 
ca ro tid  a rte ry  but a t the expense o f increased p la te le t deposition 
compared to routine endarterectomy. This increased p la te le t 
accumulation may be e ith e r on the patch m a te ria l, on the longer 
suture lin e  or may be on the endarterectomised vessel wall where 
excessive widening produces a s itu a tio n  analogous to aneurysm 
form ation. Thrombogenicity was a t lea s t as marked w ith  vein as w ith 
Dacron when used fo r patch angioplasty and th is  suggests tha t 
excessive widening ra ther than the choice o f patch materia l is  the 
most s ig n if ic a n t fa c to r. The high thrombogenicity o f venous patches 
confirmed the find ings o f canine study in  which post mortem thrombus 
was more marked on vein patch material compared to  the endarter-
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ectomised a r te r ia l wall (Lusby 1983). This ind icates th a t even 
autogenous patch material is  responsible fo r considerable p la te le t 
accumulation.
11.3 Relationship between Thrombogenicity and Restenosis
S ig n ific a n t restenosis of greater than 50% diameter reduction 
was found in  13% o f pa tients fo llow ing ca ro tid  endarterectomy in  
agreement w ith other published series (Ackroyd e t al 1986). 
Fortunate ly these lesions seldom caused recurrent symptoms o f 
cerebrovascular in s u ffic ie n c y  as has been previously reported 
(A ldoori & Baird 1987).
P la te le t deposition fo llow ing endarterectomy, measured as 
Carotid Uptake Ratio and Thrombogenicity Index, has been found to 
re la te  to the subsequent development of luminal narrowing and 
restenosis. Patients w ith  increased thrombogenicity in  the early  
postoperative period were found to progress to greater degrees o f 
narrowing measured one year la te r  compared to less thrombotic 
a r te r ie s . A s im ila r re la tion sh ip  between postoperative p la te le t 
accumulation and patency has been demonstrated in  pa tie n ts , w ith  
respect to pseudo-intimal hyperplasia seen a fte r  the im plantation o f 
vascular g ra fts , but has not been described fo llow ing endarterectomy 
(Goldman e t al 1983a). However the pathogenesis o f g ra f t  fa ilu re  
d if fe rs  from restenosis a fte r  endarterectomy in  th a t pseudo-intima 
lin in g  p ros the tic  g ra fts  is  caused by the progressive accumulation o f 
p la te le ts  and f ib r in  on the wall o f the a r te r ia l conduit. In tim al
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hyperplasia is  thought to develop in  the wall o f the endarter- 
ectomised a rte ry  as a re s u lt o f the p la te le t response fo llow ing 
surgery. This work provides more evidence to suggest th a t a r te r ia l 
restenosis caused by in tim a l hyperplasia is  mediated by p la te le t 
deposition. The basis fo r  th is  re la tion sh ip  is  derived from on 
studies which suggest th a t p la te le t derived growth factors may 
influence vascular smooth muscle hypertrophy and re s u lt in  in tim a l 
hyperplasia but a t present is  only substantiated by animal work and 
c e ll cu ltu re  studies (Bowen-Pope e t al 1985). These growth factors 
have been iso la ted  from p la te le t ex trac t and shown to be required fo r 
normal c e ll re p lic a tio n  stim ula ting growth o f vascular smooth muscle 
c e lls  in  v i t r o .  Although these substances have been iso la ted  and 
id e n t if ie d , measurement in  v ivo  has not y e t been achieved and th is  
prevents the assessment o f th e ir  e ffe c t on vascular smooth muscle in  
pa tien ts (Ross 1985).
The precise ro le  o f p la te le ts  in  the development o f in tim a l 
hyperplasia remains unclear but can be regarded in  one o f the 
fo llow ing three catagories. In the f i r s t  instance, p la te le t 
deposition, measured as thrombogenicity, may simply be a marker which 
id e n tif ie s  patients l ik e ly  to develop restenosis but is  indepentent 
o f the process which causes in tim a l hyperplasia. This could id e n t ify  
patients where the endarterectomy was less than s a tis fa c to ry , re f le c t  
severe a r te r ia l disease or demonstrate an ind iv idua l p red ispos ition  
to  a r te r ia l restenosis (De Palma e t al 1977).
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Secondly, p la te le ts  may be one o f many factors in  the 
development o f luminal narrowing. In the same way th a t the aetio logy 
o f atheroma seems to be m u lti fa c to r ia l , p la te le t a c t iv ity  is  un like ly  
to  be the only precursor to  the development o f a r te r ia l restenosis.
In common w ith atheroma, other factors such as hyperlipidaem ia, 
hypertension, diabetes and smoking may influence the aetio logy of 
restenosis but th e ir  con tribu tions to  th is  process, in d iv id u a lly  or 
in  combination, have not been evaluated. How p la te le ts  in te ra c t in 
the presence o f these and other factors to produce the c e llu la r  
p ro life ra t io n  o f in tim a l hyperplasia requires fu rth e r in ve s tig a tio n .
And f in a l ly  p la te le t deposition and the e ffe c t o f growth factors
may be the sing le  most important a c tiva to r in  th is  process. Despite 
the is o la t io n  o f PDGF and studies which demonstrate i t s  e ffe c ts  on 
pro tien  sythesis and RNA production, the s ign ificance o f  i t s
con tribu tion  to c e llu la r  re p lic a tio n  and hypertrophy in  pa tien ts  is
unknown. Verstraete suggested tha t PDGF was unable to promote ce ll 
growth and only prepares c e lls  fo r d iv is io n  by inducing 'competence' 
(Ross 1985). Further studies in  ce ll cu ltu re  w i l l  determine i f  th is  
competence can be endowed by other factors or i f  th is  represents the 
ra te determining step by which PDGF is  capable o f in i t ia t in g  c e ll 
d iv is io n  in  is o la t io n . The tra n s la tio n  o f th is  experimental work to  
animal and human models w i l l  answer these questions.
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11.4 Implications for P late le t Inhibition and Surgical Technique
Despite the widespread use o f a n t i-p la te le t  agents in  patients 
undergoing ca ro tid  endarterectomy, no randomised c l in ic a l t r ia l  has 
been performed showing b e ne fit w ith th is  treatm ent, e ith e r in  freedom 
from neurological complications or restenosis. The p la te le t 
accumulation which has been shown to  occur fo llow ing ca ro tid  
endarterectomy is  reduced by p la te le t in h ib it io n  but has not been 
demonstrated to  lower the incidence o f subsequent restenosis. 
S im ila rly  the e ffica cy  o f p la te le t in h ib ito ry  therapy in  preventing 
c l in ic a l ly  imporant events has ye t to be established. As w ith  other 
t r ia ls  inves tiga ting  the treatment o f cerebrovascular disease, to  
prove the b e ne fit o f p la te le t in h ib ito ry  therapy would require a 
large randomised con tro lled  study examining postoperative p la te le t 
accumulation, restenosis and the recurrence o f cerebrovascular 
symptoms or stroke (Taylor, Sackett & Haynes 1984). The lo g is t ic s  o f 
such a t r ia l  would be hampered by the numbers involved, the prolonged 
fo llo w  up and the a t t r i t io n  rate o f these e ld e rly  pa tien ts  from 
coronary a rte ry  disease.
The method o f closure o f the arteriotom y fo llow ing ca ro tid  
surgery adds another va ria b le  to such prospective eva luation. Patch 
closure is  usually determined by the surgeon's impression o f the 
diameter o f the a rte ry  and h is choice o f patch material is  one o f 
personal b ias. In order to avoid excessive widening, the optimal 
diameter o f the vessel a fte r  vascular reconstruction should re f le c t  
the o rig in a l size and configura tion  o f the a rte ry  and a p o licy  o f
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se lective  patching might be adopted. Following endarterectomy large 
vessels are not s ig n if ic a n t ly  narrowed by arteriotomy re pa ir but 
stenosis o f small a rte rie s  might be avoided by patch angioplasty w ith 
the width o f such patches re s tr ic te d  to reproduce an in te rna l ca ro tid  
a rte ry  o f preoperative external dimensions. Thus the con figura tion  
o f the a rte ry  and the method o f repa ir should be investigated in  a 
su itab le  con tro lled  t r ia l  when p la te le t deposition can be re la ted to 
patency, luminal narrowing and c lin ic a l outcome.
I t  seems l ik e ly  th a t fu rth e r research in to  the c e llu la r  response 
to the trauma o f endarterectomy w i l l  prove th a t p la te le t mediated 
c e ll growth is  associated w ith in tim a l hyperplasia. The a b o lit io n  o f 
th is  response e ith e r by drugs, induced thrombocytopenia or the use o f 
antibodies to p la te le t derived growth fa c to r should be possible in  
the fu tu re . This could have widespread im p lica tions i f  p la te le t 
in te ra c tio n  w ith the a r te r ia l wall continues to be linked w ith 
atherogenesis.
11.5 Conclusions
P la te le t deposition on the a r te r ia l wall has been demonstrated 
both in  a ra b b it model o f in tim a l trauma and in  patients fo llow ing 
endarterectomy. This deposition o f rad io labe lled  p la te le ts  could be 
measured ex te rna lly  by gamma camera immediately fo llow ing surgery but 
was no longer detectable a t 2 months. Patch repa ir o f the 
arteriotom y increased postoperative p la te le t uptake but in h ib ito ry  
therapy may be used to reduce thrombogenicity. P la te le t accumulation
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in  the early  postoperative period was re la ted to the subsequent 
development o f luminal narrowing fo llow ing endarterectomy.
These techniques represent a re lia b le  model fo r measuring 
p la te le t-vesse l wall in te ra c tio n  in  humans and may be used to  
investiga te  the e ffec ts  o f therapeutic m odalities designed to  prevent 
in tim a l hyperplasia and postoperative restenosis. Measurement o f 
p la te le t in te rac tio ns  w ith  the a r te r ia l wall may fu rth e r our 
understanding o f the c e llu la r  response to trauma, growth contro l and 
tissue  re p a ir.
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